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FOREWORD
"For every generation there is a destiny . . . ," President Lyndon B. Johnson said in
his inaugural address, and it is now clear that for this generation and for future genera-
tions, man's destiny lies within the context of the new era which many call the "Space
Age."
Man now has the capability to leave the surface of his home planet, Earth. He has
before him the opportunity to obtain a fundamental understanding in the many areas of
scientific interest which perplexed past generations. Today, he can concern himself with
the Sun and its influence on the Earth, the origin and the nature of the solar system, the
nature of the stars and galaxies, and the origin of life itself.
In the brief course of eight years, all the world has felt the impact of the Space Age.
At times this impact has been remote or indirect, but the portent for all has been clear.
During this short interval of time, insights into the relationships between the Earth and
the Sun, and the streaming radiation that permeates all space have been acquired. Much
has been learned about the Earth's atmosphere and the relationship of solar activity to
weather and other phenomena on the Earth. Electronic measurements of Venus have
been made, and the Moon has been photographed. Global weather has been observed
from a perspective unavailable before the advent of satellites, and the techniques of
global communications have been improved. These achievements and others have been
made at the frontier where science and technology are indivisible.
Progress in space exploration is both a product of and a leading edge for the general
advance of science and technology. The talents, the skills and the resources required for
space exploration are drawn broadly from our society, and they feed back into our society
on the forefront of scientific and technical progress. The knowledge gained by scientists
and engineers active in space exploration feeds back into our scientific and technical
communities and into our industrial laboratories. The revolutionary changes taking place
in scientific and technological perspectives through the mastery of space open vast new
realms for the creative act of invention, and for the translation of invention to practical
use-innovations that can be primary influences in stimulating economic growth.
The interest of the scientist ranges from the interior of the Earth to the distant galaxies,
from the structure of the atomic nucleus to the structure of living cells, through the
nature of the chemical materials of which the universe is composed. The most significant
enterprise in which all the sciences come together is space exploration.
The Space Age has many characteristics that make for international action of wide
benefit. Regardless of its country of origin, an orbiting spacecraft is truly international.
It is a scientific and technical tool free of physical, geographical, and political limitations,
and its fullest exploitation requires international collaboration between scientists and
technicians, between peoples, and between governments. Its rewards, especially those
of the psyche, are shared by men of all nations.
It is also clear that some of the emerging scientific and technological possibilities in
the field of communications will exert great influences on our lives, on our behavior, and
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on the welfare of mankind. The communications satellites, the linking of voice com-
munications and data communications, and the combination of the computer with long-
range communications, all foretell a world of the future which will be different from the
world we see about us—a world that can be highly integrated without being centralized.
The ultimate contributions of communications and weather satellites to mankind cannot
now be evaluated, but few question that these contributions will be very great indeed.
These satellites bring problems with them, but the solution of these problems brings us
closer to a cooperative world society.
This St. Louis meeting, held under the auspices of the National Aeronautics and
Space Administration and the St. Louis Bicentennial, was a forum for discussing what
our space accomplishments have been to date, and what impact space exploration will
have on science, industry, the economy, communications, education, and world peace.
It is hoped that this meeting provided a new understanding of the contributions to
world peace and human betterment that are sure to flow from America's great programs
of space exploration.
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WELCOMING REMARKS
David S. Lewis
On behalf of the Committee of St. Louis Bicenten-
nial Celebration and the Steering Committee for this
space symposium, I welcome you to the Fifth Na-
tional Conference on the Peaceful Uses of Space.
We are honored to have this conference in St. Louis
and are particularly grateful that it could be held
during our Bicentennial celebration; this, of course,
is not a coincidence. We are greatly indebted to the
National Aeronautics and Space Administration for
their fine support and cooperation, and we are in-
debted also to the many business and industrial firms
in St. Louis and a number of companies large and
small all over the nation for their sponsorship and
very strong financial support.
In conjunction with this conference, we made a
very real and considerable effort to develop a better
understanding of our national Space Program by the
people of this area. Two weeks ago, selected high
school students from St. Louis and nearby communi-
ties in Missouri and Illinois attended a meeting at
Kiel Auditorium where NASA speakers outlined the
opportunities and challenges of the Space Age that
will be available to the young men and women who
develop their technical skills and capabilities. Three
thousand five hundred students attended this session
which was considered to be a very real success.
A second facet of our program is a large and ex-
tremely interesting exhibit of spacecraft and boosters
provided by NASA. This exhibit, probably the most
extensive ever displayed at a meeting of this type,
opened May 14 in a beautiful setting in Forest Park
at the McDonnell Planetarium. I am confident you
will find a visit to this exposition a very worthwhile
event and, to give you an indication, in the first week
and a half of this exposition, we have had 43,000
St. Louis people visit this show, which I think would
be very, very helpful in helping them understand the
impact and importance of the Space Age program.
As many of our visitors have read in national maga-
zines, the City of St. Louis is currently undergoing a
dynamic revitalization which merits your scrutiny
while you are here. Tremendous progress has been
made and many more developments are on their way.
The unique 630-foot Jefferson Memorial Arch is near-
ing completion on the water front. A new sports
stadium is under construction and will be finished
within the next year. Many, many new buildings have
been built or are now being erected, and new industry
has been brought to St. Louis. The man who is most
deeply involved in this program of progress is our
Honorable Mayor, Mayor A. J. Cervantes.
WELCOME
A. J. Cervantes
Mayor
CITY OF ST. LOUIS
We are pleased to have you in our City for any
reason, the distinguished speakers and attendees of
this conference and symposium on the Space Age.
But the purpose for which you have come to St. Louis
and the spirit in which you are gathering makes me
especially proud.
This is a meeting to consider in an unusually broad
scope the implications of the great Space Age, which
is opening up so rapidly with so many potentialities.
The stated goal of your sessions is to provide a new
understanding of the contributions to world peace
and human betterment that are sure to flow from
America's great program of space exploration.
I can envision no more worthy a purpose, and I can
assure you that no city is more eager to use this under-
standing for even a greater good than the City of
St. Louis. In the 200-year course of our proud history,
we have often gone exploring for new understanding
and have contributed to the explorations undertaken
elsewhere. In the earliest days, St. Louis served as a
Cape Kennedy of the fur traders, whose pioneering
treks have many similarities to the astronauts' first
orbiting.
From St. Louis, the Lewis and Clark Expedition set
out to unlock the secrets of the West, jumping quickly
across more than a century of adventure. Here Charles
Lindbergh found the spirit and financial backing for
his epic flight. And as America moved into the Space
Age, it was St. Louis that gave the Nation its first
manned spacecraft, the Mercury and the Gemini.
We, St. Louisans, today are looking forward to our
next contributions just as you are looking forward to
the next three days. May your sessions be in keeping
with the Spirit of St. Louis and the spirit of our great
Nation, so uniquely equipped to lead the world in
space and to useful peace.
SPACE EXPLORATION
ACCOMPLISHMENTS
Chairman
William L. Davis
President
EMERSON ELECTRIC COMPANY
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Deputy Administrator
NATIONAL AERONAUTICS AND
SPACE ADMINISTRATION
The Fifth Annual Conference on the Peaceful Uses
of Space here in St. Louis is a three-day program of
talks by representatives of industry, the scientific com-
munity, and Government. They will bring us up to
date on our Nation's accomplishments in space, and
they will outline our goals and potential future pro-
grams, the impact of space exploration on industry,
on the economy, on science, and on education.
My assignment is to set a framework for these
discussions by examination of the rapid growth to
maturity of our space activities and their relation to
and interaction with the growing role of science and
technology in our society.
Communication between the scientific community
and the general public historically has been difficult
and usually slow. It is difficult for the scientist and
the nonscientist alike to adjust to new ideas, to evalu-
ate them fairly, and to see their application to human
affairs clearly.
In the past we could, perhaps, afford a leisurely
pace in adjusting scientific progress and our social,
economic, and political institutions. Today the pace
of new discoveries has accelerated at such a rate that
we are constantly faced with newness. And this
stepped-up tempo imparts a quality of its own that
requires new and more efficient methods of commu-
nication.
In examining the early history of science and tech-
nology, we find that more than twenty centuries
elapsed between Aristotle and Galileo. From Galileo
to Newton was one century, and in rapid order fol-
lowing Newton's time was a roster of the great mod-
1 Died December 2, 1965.
ern mathematicians, chemists, and physicists, culmi-
nating with Einstein in our own time.
We are accustomed to talking about the lag between
science and the community as retarding progress, and
we can call to mind Galileo's forced recantation or
the Luddites, who attempted to hold back the indus-
trial revolution in England by smashing the machinery
they saw as menaces to their way of life. There have
been these gaps in understanding; yet, it is equally
true that government and science have worked hand
in hand through the ages for human advancement.
One author has pointed out that Archimedes oper-
ated a one-man bureau of standards and national de-
fense research committee for Heiros, the King of
Syracuse, by determining the amount of gold in a
crown and by building engines of war.
In the 17th century, Charles II of England founded
Greenwich Observatory to obtain better data on the
movement of the Moon with the hope of finding a
precise means of determining longitude. Later, in
1712, the British government offered a prize of
20 000 pounds for an accurate method of determining
longitude. After much delay and haggling the prize
was won by a John Harrison for his chronometer,
which served, basically, as a navigational instrument
from 1764 until the 20th century and the development
of radio time signals.
In the 17th century, France, under Louis XIV and
Louis XV, sought to encourage the merchant marine
and manufacturing through the encouragement of
inventors. And in the 19th century the British Asso-
ciation for the Advancement of Science was estab-
lished to ''promote the intercourse of those who culti-
5
6	 PEACEFUL USES OF SPACE
vate science with each other," and later the National
Physical Laboratory, to handle the increasing demand
of a growing science and technology.
In our own country, the rationalism of such men
as Jefferson and Franklin made itself felt in our
Constitution, which carries the following provision:
"The Congress shall have the power to promote the
progress of science and the useful arts, by securing
the authors and inventors the exclusive right to
their respective writings and discoveries." As a result,
the Patent Office was created in 1790. Many other
agencies followed to keep pace with the growing
scientific community. Among them was Coast and
Geodetic in 1807, and the National Bureau of Stand-
ards in 1901.
As science and technology have come to play an
increasing role in National affairs, science-oriented
agencies in the Government have multiplied, and agen-
cies have come increasingly to add science advisory
staffs. In the executive branch they play outstanding
roles in such departments as Commerce, Interior,
Agriculture, and Health, Education and Welfare.
Independent agencies include, of course, the National
Aeronautics and Space Administration, the Atomic
Energy Commission, the Civil Aeronautics Board, the
Federal Aviation Agency, the Federal Communica-
tions Commission, the Maritime Commission, the
Federal Power Commission, the National Science
Foundation, and the Smithsonian Institution.
In the Congress, the Senate has an Aeronautical and
Space Sciences Committee and the House of Repre-
sentatives its Science and Astronautics Committee.
There are in addition 1600 scientific and technical
societies listed in the United States, and as of 1962
some 320 private foundations made grants of $45
million for research in the sciences. Thus it is readily
seen how science and technology have grown -in our
public life and have been the subject of governmental
attention from the earliest days.
In the present century governmental responsibility
in the newer fields of aeronautics, atomic energy, and
space has become more direct and more massive. We
have shortened the time between an original scientific
and technological development and a corresponding
acceptance of responsibility in the public sector. Thus,
in aeronautics the Wright brothers flew their first
plane in 1903; 12 years later, in 1915, the National
Advisory Committee for Aeronautics was established.
In October of 1957, the first Sputnik was successfully
orbiting the earth; 1 year later the National Aero-
nautics and Space Administration was established to
explore the peaceful uses of space.
Growing responsibility and competence on the part
of news media have helped bring new awareness to
the public of the degree to which science and tech-
nology are changing the fabric of our society. This
was not always true. Like many another citizen, the
editor of ^a newspaper was often inclined to be skep-
tical of new-(angled ideas and scornful of notions
that violated what I am sure he would call common
sense.
An example is this section from an editorial in
The New York Times in 1920 when Dr. Goddard
was experimenting with rockets:
"As a method of sending a missile to the higher
and even to the highest parts of the earth's atmos-
pheric envelope, Professor Goddard's rocket is a
practicable, and therefore promising device. . . . It
is when one considers the multi-charge rocket as a
traveler to the moon that one begins to doubt . . .
for after the rocket quits our air and really starts on
its longer journey, its flight would be neither acceler-
ated nor maintained by the explosion of the charges
it then might have left. Professor Goddard, with his
'chair' in Clark College and the countenancing of the
Smithsonian Institution, does not know the relation
of action to reaction, and of the need to have some-
thing better than a vacuum against which to react—
to say that would be absurd. Of course he only seems
to lack the knowledge ladled out daily in high
schools."
Perhaps the moral is that in times of rapidly ex-
panding knowledge and new discoveries, it never pays
to be all that positive.
An excellent job is being done today in explaining
the facts of science and their importance to the lay-
man. We also have at present many well-established
lines of communication among government, the scien-
tific world, and the general public.
Perhaps the best evidence of growing support for
research and development is the increased amount of
money expended for it.
In 1954 total expenditures for R&D amounted to
$5 660 000 000. In 1964 that figure had grown to
an estimated $19 360 000 000. In 1954, the govern-
ment provided 55 percent of R&D funds and per-
formed 18 percent of the research in-house. Last
year the government was the source of 65 percent of
R&D funds and performed only 14 percent of in-
house research.
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Thus, while there has been a growing obligation
for public support of science and development, there
has been a corresponding shift to private industry as
best qualified to carry out the work. At NASA more
than 90 percent of the $54 billion it administered in
1964 went to private industry.
The rate of growth of space activities in the first
6 years of the space age has been unprecedented in
the history of a new field of science and technology
but there are signs of attainment of a certain degree
of maturity. The most obvious is the establishment,
following several years in which available funds
nearly doubled each year, of a level of five to five
and a quarter billions for congressional appropria-
tions to NASA, or about seven billions for space
activities of all agencies as the suitable level, some-
what less than that considered optimum by those
engaged in the program. This action represents the
results of consideration by the Congress of the many
factors concerned, including estimates of the funds
required to meet national goals and commitments, the
social, economic, and national security benefits to be
obtained, and other competing demands for national
resources.
Maturity is also indicated by the drastic reduction
in the number of unsuccessful missions, the result of
increased knowledge and experience in the previously
unknown field of space. Thus, in calendar year 1958
in the first 3 months of NASA, four missions were
attempted without a single success. In the following
year 8 of 14 were successful, whereas in 1964, 25 of
30 more difficult missions were successful, a percent-
age of 83 which has been maintained now for 3 years.
In the early years there was little knowledge of space,
no facilities for simulating the space environment on
the ground of sufficient size to actually test equipment
in advance, and the necessity of using hardware imme-
diately available even though of uncertain reliability
in space. Today we have precise information about
the strength of vibrations in launch vehicles under
rocket thrust and the characteristics of the space envi-
ronment itself at various distances from the earth. We
have ground test equipment such as vibration stands
and environmental chambers which permit us to make
tests on the ground under the conditions to be encoun-
tered in space to verify the adequacy of the perform-
an^e of the equipment before launch.
We have also reached a certain degree of maturity
in that practical applications of spacecraft have been
made in the form of weather satellites and communi-
cation satellites whose benefits to every citizen of every
nation are now widely appreciated. Furthermore, in
both cases we are now engaged in the development of
operational systems for service to the public.
Another indication of growing maturity is the
organization of the very large government-industry-
university team of highly competent people of many
professions and skills required to carry out the very
large effort necessary for a broad program of space
exploration and the development of capabilities for
operation on this new frontier. The cooperation of
many organizations and people is required. During
fiscal year 1964, 94 percent of our work was conducted
by American industry and involved a total of about
380 000 people in industry, universities, research
institutes and government installations. Great prog-
ress has been made and we have all worked together
toward increased efficiency, better cost control, and
better utilization of the total resources of the country.
We have had the strong support and cooperation of
the Department of Defense. They have undertaken
the management of many of our contracts, the han-
dling of the construction of many of our facilities
through the Corps of Engineers, the assignment to
NASA of astronauts, outstanding project leaders, and
other specialists from the military services, furnishing
of tracking support through the national ranges, and
provision through dhe Navy of many services, includ-
ing the recovery of astronauts. Many other govern-
ment agencies are cooperating in various aspects of
the space program.
The third member of the national space team is
the university in which much of our most advanced
research is going forward. About 185 universities
are working on NASA-sponsored research, and 142
universities in all 50 states and the District of Colum-
bia are now participating in the predoctoral training
program.
The nature of the team, the management com-
plexity involved, and the success of the system may
be illustrated by the second Orbiting Solar Observa-
tory, OSO-2. Involved in this program were the
Douglas Aircraft Company, Ball Brothers Research
Corporation, NASA's Ames Laboratory and Goddard
Space Flight Center, Naval Research Laboratory, Har-
vard College Observatory, and the Universities of
New Mexico and Minnesota.
The Government-industry-university team has ma-
tured in capability to provide launch vehicles, space-
craft, and equipment and experiments for any desired
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mission. But other tools are needed to carry out the
space program such as test stands, launch pads, ground
test equipment, and a worldwide tracking and data
acquisition network to return information from objects
in space, since this information is the reason for the
whole enterprise. Some of the necessary tools are
provided at the plants of manufacturers and at the
universities but many more, particularly those of large
size and unusual capability, must be provided at cen-
tral Government locations. These facilities represent
the longest lead-time items requiring preparation for
several years in advance of their use. Another sign of
the growing maturity of the program is that most of
these necessary large facilities have now been provided.
The largest facilities are needed in connection with
the manned space flight program aimed at developing
the capability to operate with large payloads in space
out to distances of the Moon and to demonstrate this
capability by landing two men on the Moon within
this decade and returning them safely to Earth. I
mention only a few of the larger facilities required
in this enterprise. The first is Michoud Assembly
Facility in New Orleans in which the very large
Saturn boosters are assembled prior to their test and
launch. Nearby is the Mississippi Test Facility at
which static tests can be made of the Saturn IB and
Saturn V launch vehicles. The actual launch of space-
craft toward the Moon will be made from the Merritt
Island Launch Area just north of the Cape Kennedy
area. Here we find the Vertical Assembly Building,
said to be the largest structure ever built by man. It is
the building within which the sections of the huge
Saturn V launch vehicle and the Apollo spacecraft
will be assembled vertically and checked out for
launching. The building is 524 feet high, covers
8 acres, has a total volume of more than 125 million
cubic feet, and has doors 456 feet high. The rocket
will be assembled vertically on a giant earth crawler
which is the largest land vehicle in existence, pat-
terned after somewhat smaller vehicles used for strip
earth surface mining. When the rocket is ready for
launching, the earth crawler will transport it over an
eight-lane highway to a launching pad 4 miles away.
With the astronauts safely aboard, the 350-foot Saturn
V will hurl about 120 tons into orbit, the equivalent
of 80 capsules the size of John Glenn's Friendship 7,
and send some 45 tons off to the Moon.
Transportation between Michoud Assembly Fa-
cility, Mississippi Test Facility and the Merritt Island
Launch Area will be by water. These great facilities
will form the basis of our national strength in space
for many years to come.
A group of business leaders from the non-space
industries, on inspecting these large facilities and the
progress being made on launch vehicles in spacecraft
in the manufacturing plants of the country, exclaimed,
"How could all this be taking place without our
becoming aware of it?" Great progress is being made
in the Apollo project. Last year was the year of filling
the pipeline, and this is the year of ground test. Next
year will begin the early preparatory flight stages.
As we approach maturity, our achievements indeed
are many and our capability is great—so great, in fact,
that today we are faced with an embarrassment of
riches. The many opportunities for flight missions
within our developing capabilities are far greater than
we can hope to finance, and there is opportunity for
debate as to the wisdom of specific choices. Never-
theless there is general agreement on the general
scientific and technical goals of achieving a growing
capability to send unmanned spacecraft for various
purposes in Earth orbit, on trajectories in interplane-
tary space and to the Moon and planets, ultimately to
the outermost planets approximately in the plane of
the ecliptic as well as to corresponding distances at
an angle to the ecliptic; and to achieve a growing
capability in manned space flight in Earth orbit, to
the Moon, and to other planets.
At NASA we are learning to operate within the
framework of a restricted budget, manpower ceilings,
and available physical facilities. We are trying to
learn how to choose, within these limits, how to apply
our resources and select our projects in the best inter-
ests of the country. Of the trials and errors of the
early days of the program we have endeavored to
build management techniques that meet the hard cri-
teria of best meeting the Nation's objectives in space,
on schedule, and at minimum cost. We have evolved
what we call phased program planning as an inte-
grated approach to the conduct of our advanced mis-
sion studies, flight mission selection, preliminary
project planning, the definition and fabrication of
flight hardware, and, finally, the conduct of space
operations.
We do not think that the planning of future space
programs is the prerogative of NASA alone. In
addition to refining our techniques for making the
most efficient use of our resources, we must constantly
redefine and examine our goals in terms of the
national interest. The cost of the Nation's space
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program and its importance to national progress re-
quire that decisions regarding it be the subject of
informed national discussion. The participants should
include not only those who are presently engaged in
the program, and not only scientists and engineers,
but also men in other walks of life, informed citizens,
national political and intellectual leaders. Such a
national dialogue requires that all concerned be
informed about the space program and understand
the needs, the limits, and the potential of science.
Similarly the scientist must understand that he oper-
ates between the bounds of national priorities estab-
lished by the citizen whose welfare and tax money
after all are involved. In spite of a major effort on
the part of NASA, the rapid growth of the program,
its size and ramifications, are such that many who
should participate in this dialogue are not acquainted
with what is actually taking place, the results being
accomplished, and the policies being followed. Meet-
ings such as this conference will help to increase the
number of persons who do have some first-hand
knowledge of the space activities of this Nation of
which every citizen may well be proud.
Within the past 2 years the subject of the broad
national goals of the space program has emerged as
a subject of public debate. Many of the participants
mistakenly assume that there is a single such goal, but
in fact there are many. In March 1958 the President's
Science Advisory Committee listed four major goals:
exploration of outer space in response to "the com-
pelling urge of man to explore and to discover";
national defense; national prestige; and knowledge
and understanding of the Earth, the solar system, and
the universe. Recently, Vernon Van Dyke of the
University of Iowa published an analysis of motiva-
tions which adds to the four stated above. One ex-
pressed by President Johnson is that "the avenues of
space offer man's best hope for bringing nearer the
day of peace on earth." Another, broadening the
scientific motivation, is progress in science and tech-
nology, emphasizing engineering as well as scientific
progress at the frontiers of knowledge. Another is
economic and social progress. Still another is national
pride, the achievement motive, which Van Dyke dis-
tinguishes from national prestige as our own beliefs
about whether we are achieving goals responsive to
the opportunities and challenges of the time as con-
trasted with our reputation among other nations.
Finally, Van Dyke mentions a variety of special inter-
ests of individuals and groups which are, however,
not to be construed as national goals. It is because
of the sum total of all of these goals that the nation
has so far supported and will continue to support a
comprehensive program to explore space.
Any public debate must take cognizance of the need
for basic research and must encourage the exploration
and development of new ideas. In the absence of
undirected basic research, new missions will run up
against old limitations, and forward movement in
space exploration or any other scientific discipline
will wither and die.
No doubt, much scientific accomplishment has
come about by planned programs, but the history of
science indicates time and again that what seems idle
curiosity has turned out to be highly valuable in
application, although the immediate application is
not readily apparent and the time lag is sometimes
long. It should be further pointed out that new dis-
covery has often appeared in unexpected lines of
inquiry.
We are extremely conscious these days of crash
programs—for the atomic bomb, for polio, cancer,
or heart disease cures. Yet, Roentgen discovered
X-rays accidentally, and Becquerel discovered gamma
ray radiation because his photographic plates fogged
accidentally while they were left in a drawer with
some uranium ore.
Indeed, for all of the crash programs oriented
toward some specific national objective, new discovery
has come often without planning and without fanfare.
As Albert Camus once pointed out, "Great ideas come
into the world as gently as doves. Perhaps, then, if
we listen attentively, we shall hear, amid the uproar
of empires and nations, a faint flutter of wings, the
gentle stir of life and hope."
One final thought: In the midst of our new aware-
ness of the role of science in our lives we are still
inclined to see it as a means to immediate, discernible
ends. Yet goals must be beyond accomplishment.
What we now call goals we should in better con-
science refer to as short-term objectives.
The growth of science and technology culminating
in the rapid rise of space science and technology and
the impact of science and technology on our society
have stimulated discussion of still another aspect of
national goals, that of their contribution to the welfare
of mankind or, more broadly, their characteristics in
terms of ethical and moral values as well as knowledge
and material contributions.
Such considerations lead to a restatement of the
10	 PEACEFUL USES OF SPACE
national goals for the space program in terms such 	 in a peaceful world but also incentives for mental and
as the following:	 spiritual growth and accomplishment.
1. to obtain maximum benefit to the welfare of the 	 Growing up in the space age, we are growing up
Nation and to all mankind.	 to understand this. Our programs are tools. Ou*
2. to provide not only material benefits to free men	 goals are progress.
—J
MANNED SPACE FLIGHT: PROGRAMS,
PROGRESS, PROSPECTS
George E. Mueller
Associate Administrator
for Manned Space Flight
NATIONAL AERONAUTICS AND
SPACE ADMINISTRATION
NASA's manned space flight programs constitute
the largest and most complex engineering, scientific,
and technical undertaking ever attempted. This is a
particularly appropriate time to discuss the progress
and prospects of these programs, for it was 4 years
ago—on May 5, 1961—that Alan Shepard became the
first American to fly in the new environment of space.
And it was 4 years ago that President Kennedy pro-
posed a long-range program—later endorsed by Con-
gress—to expand and accelerate U.S. space activity.
This program included a national commitment to
advance manned space flight to a stage at which, by
the end of the decade, it would be possible for man
to fly outward a quarter of a million miles from the
Earth, to land on and take off from the Moon, and
return safely to Earth. This was the beginning of the
Apollo Program.
As we approach the halfway mark in this program,
it is appropriate to assess what we have accomplished
so far, where we stand now, and where we are going
in the future.
In the past 4 years the United States has made great
progress in achieving its goals in space. In the
Gemini III mission, for example, Astronauts Virgil
Grissom and John Young achieved a historic mile-
stone in manned flight when, on four occasions during
their flight, they steered their spacecraft into measur-
ably different orbits. In addition, they conducted four
other maneuvers that demonstrated the spacecraft's
ability to make small, precise changes in speed. The
proof of the maneuverability of the Gemini spacecraft
is a significant step in developing the ability to rendez-
vous and dock in space, scheduled for next year.
All preparations are going smoothly at Cape Ken-
nedy for the second manned Gemini flight, Gemini
IV, scheduled to be launched on June 3 with James
McDivitt and Edward White as the pilots. This
flight, scheduled to last up to 4 days, was originally
scheduled for the third quarter of this year. It is a
tribute to the enthusiasm, confidence, and dedicated
efforts of the thousands of people at work on the
Government-industry Gemini team that we will be
able to launch this flight more than a month ahead
of schedule.
One of the important objectives of the Gemini
program is to determine the effects of weightlessness
during long-duration missions. Before, during, and
after this flight, as in all Gemini flights, controlled
physiological studies will be conducted, and careful
monitoring of blood pressure, pulse rate, and other
physical reactions will be maintained.
Another of the prime objectives of the Gemini
program is the development of man's capability to
step out into the nothingness of space and do
effective work. As in all of our space activities, we
are proceeding in a step-by-step manner with the
preparations.
Finally, the ability to launch within a narrow time
span, to rendezvous with another craft in space, and
to dock firmly with it is essential for manned opera-
tions in space. Beginning with the fourth manned
Gemini flight, scheduled for early 1966, we will
explore and develop these capabilities. The data and
It
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experience obtained will be fed into the training of
the astronauts, verification of the Apollo system, and
the design of future space systems.
Moving to the Apollo program, a very great mo-
mentum has been built up, leading to the first
unmanned flights with the Apollo three-man space-
craft in 1966. To accomplish our objectives in
Apollo, we have established a development program
that is broadly based and are proceeding with delib-
erate speed to a manned landing on the Moon before
the decade is over. At present, we have completed
design and are in the phase of ground testing of
subsystems and major systems. This ground testing
leads naturally to unmanned flight testing to verify
hardware performance under actual flight conditions.
Successful unmanned flights lead to manned flights,
first in Earth orbit and later to the Moon.
Development was completed in 1964 of the Il-
million- pound -thrust Saturn, the most powerful
launch vehicle we know to exist in the world. In
fact, the Saturn I was declared operational after only
six test flights.
The 10 Saturn I flights will be followed by flights
of the "second-generation" Saturn I launch vehicle
together with the Apollo spacecraft in an "all-systems-
up" configuration. The first launch of the Apollo/
Saturn IB will take place early in 1966. Later flights
with this vehicle, scheduled for 1967, will place the
first manned Apollo spacecraft in Earth orbit.
The payoff in the Apollo launch vehicle series, of
course, is the Saturn V. This vehicle is the one that
will launch the Apollo spacecraft on the actual lunar
mission. The first launch of the Saturn V is scheduled
for 1967, with manned flights to start in 1968, first
in Earth orbit, and then to the Moon.
To give you some feel for the sheer size and power
of the Saturn V/Apollo space vehicle, it will stand
364 feet in height on the launch pad—as high as a
36-story building—and weigh some 3000 tons fully
fueled—as much as a Nautilus submarine or a Navy
light cruiser.
It will be capable of placing a payload of 140 tons
in Earth orbit—the equivalent of about 95 Mercury
spacecraft, those employed in the earlier U.S. orbital
flights, such as that of John Glenn. The first stage
alone of the Saturn V generates 7 2' million pounds
of thrust—more than the combined thrust of over
100 Boeing 707 jet-liners.
A major milestone in the Apollo program and in
rocket technology was passed on April 16, 1965, when
the first stage of the Saturn V was test fired for the
first time for a duration of 62 seconds. This firing
was accomplished almost 3 months ahead of schedule.
A second firing of 15-second duration took place early
in May, 1965. In addition, test firing of the 1-million-
pound-thrust, liquid-hydrogen-powered second stage
of Saturn V has begun, also ahead of schedule.
These accomplishments are indicative of the present
rate of progress in the Apollo program. This rapid
progress, in Apollo as well as Gemini, gives us great
confidence that our development concepts and man-
agement methods are sound, and that we will be able
to meet all of our major milestones on schedule.
The Apollo spacecraft, the portion of the space
vehicle that will journey to the Moon, is a maneuver-
able vehicle capable of carrying three men for periods
of up to 2 weeks. It is composed of the command
module, service module, and lunar excursion module
(LEM). The command module houses the astronauts
in flight from Earth to an orbit about the Moon,
and back to Earth. The service module contains the
power supply and the propulsion systems and fuel
for maneuvering and making midcourse corrections
during the lunar flight. The two-stage lunar excursion
module separates from the command module in lunar
orbit and lowers two of the three astronauts to the
surface of the Moon. After the initial exploration is
completed, it lifts off from the Moon and reunites
the two lunar explorers with the third astronaut, who
has been circling the Moon in the command module.
What does the future hold in store? First, let me
emphasize that the lunar mission is only one of many
possible missions utilizing the capabilities that are
being created in the Apollo program. In the Apollo
program, the United States is developing the capa-
bility to send manned vehicles anywhere within a
zone extending at least a quarter of a million miles
from Earth. The possession of this national capability
is more important than the exploration of any par-
ticular astronomical body or natural manifestation.
In addition to the launch vehicles and spacecraft,
the capabilities being created by Apollo include
launch and test facilities, a Mission Control Center
and a worldwide net of tracking stations, operational
experience, trained people, an established Govern-
ment-industry team, and the management capability
to direct large research and development programs.
All of these elements constitute a national resource
of enduring value. Added together, they will provide
the Nation with freedom of operation in space, mak-
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ing possible a wide variety of missions that may be
required by the national interest. With this com-
petence, we will be able truly to explore and utilize
space.
NASA Administrator James Webb, in a letter to
President Johnson on February 16, 1965, made an
extensive appraisal of possible future space programs.
He noted that "two objectives for the years just
ahead appear to stand out above other possibilities."
First of these is the exploration of Mars through
the use of large unmanned soft-landing spacecraft.
In such a program, one or more flyby or orbiting
test flights could be launched to Mars in 1969, with
operational landing missions to follow in 1971. In
these missions, the Saturn IB, using the Centaur as
a third stage, could launch a 10000-pound Voyager
spacecraft with a 5000-pound landing vehicle to Mars.
The second objective, Mr. Webb told the Presi-
dent, is a systematic program to capitalize on the
capabilities being developed in the Apollo Program
for a "wide variety of worthwhile scientific and
technical missions in near-Earth and synchronous
orbits, in lunar orbit, and on the lunar surface."
The launch vehicles and spacecraft being developed
in the Apollo program are of such size, versatility,
and efficiency as to be of decisive importance in
achieving and maintaining preeminence in space for
some years to come. As now planned, the Apollo
program will provide the capability to produce and
use eight Apollo-LEM spacecraft annually. The
Apollo spacecraft's command module will provide a
"shirt-sleeve" environment and sufficient room for
three men to live and operate for periods of at least
2 weeks in space. The propulsion system of the
service module will enable the pilots to carry out
very extensive maneuvers and course changes in space
and to land within a few miles of any chosen point
on the Earth's surface.
The lunar excursion module has several potenti-
alities. This spacecraft, the first designed and built
for operation completely outside the Earth's atmos-
phere, has a number of structural advantages over
spacecraft which must return to Earth. One of these
advantages is greater internal volume, since it does
not have to be equipped with the protective heat
shield and other devices required for reentry through
the atmosphere. By increasing the amount of sup-
plies carried, it appears possible for astronauts to
spend months rather than weeks in space.
In addition, the sensors and guidance system of
the lunar excursion module will permit it to leave
its mother ship, rendezvous with another satellite,
"land" on the satellite, allow the crew to get out
and inspect, repair, or test the other satellite, and
then take off and return to its mother ship.
Further, by 1969 the present program will build
LIP to a capability to launch six Saturn IB and six
Saturn V launch vehicles annually. These powerful
boosters in these numbers will enable this Nation for
the first time regularly to launch large payloads in
operational space systems for a wide variety of
purposes, in manned and unmanned flights in the
Earth-Moon region and for unmanned planetary mis-
sions. With the power of the Saturn V, for example,
it would be possible to place a very large space sta-
tion in Earth orbit; to launch a smaller space
station into an orbit synchronized with the Earth's
rotation like that of the Early Bird communications
satellite; or to support extended lunar exploration
from bases on the Moon. These possible missions
will be discussed in more detail in later para-
graphs.
The Apollo spacecraft, therefore, provides the
Nation with a precursor to its first true space station.
The lunar excursion module is a test bed with which
it will be possible to evaluate the feasibility and
demonstrate the solution of most of the operations
required for space exploration of very long duration.
And the Saturn IB and Saturn V will provide the
launch vehicle power necessary to carry out what-
ever programs the national interest may dictate for
many years to come.
A few examples will illustrate the broad spectrum
of manned space flight missions that could be car-
ried out in the years to come using this launch
vehicle/spacecraft capability.
In near-Earth space, missions could include low-
and high-inclination, polar, or synchronous orbits to
accomplish research, technological, and applications
objectives. Such missions would utilize the extensive
maneuvering and extravehicular capabilities inherent
in the Apollo system.
By increasing the amount of expendable supplies
and propellants carried on board, it is entirely feasible
to extend the manned Earth-orbital stay-time of the
Apollo LEM to a month and possibly to as much as
3 months.
In a low-inclination orbit, below the Van Allen
belts, the basic problems of keeping men in space
for extended periods could be studied, rendezvous
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and resupply problems could be worked out, and sci-
entific experiments could be conducted.
In synchronous orbit, where the spacecraft hovers
over a fixed area of the Earth all the time, experi-
ments could be carried out which involve manned
observations over a given portion of the Earth or
which use man to assist in the operation of various
experimental systems.
In polar orbit, scientist-astronauts could monitor
and observe the entire surface of the Earth as it
passed beneath the spacecraft, mapping it and sur-
veying most of the world's resources.
Similarly, the Apollo-LEM capability for lunar
missions can be extended to permit detailed mapping
and surveying of the Moon from lunar polar orbit
for periods up to 28 days. Further, using the lunar
excursion module as a "truck" to provide supplies,
stay time on the Moon can be extended for periods
up to 2 weeks, permitting increased exploration of
the lunar surface.
With respect to longer range missions in the
1970's and 1980's, Mr. Webb wrote the President,
those offering the "greatest promise in the manned
area are systematic lunar exploration, large orbiting
space stations, and manned exploration of Mars."
For example, it may be desirable for the United
States to establish semipermanent or permanent lunar
bases. An unmanned lunar excursion vehicle could
be used to land a lunar surface transportation vehicle,
or "jeep." This jeep would provide shelter and
scientific equipment and would carry sufficient food,
water, and oxygen, for extended tours of the lunar
surface. Another long-range possibility would be the
construction of large telescope or radio astronomy
observatories for the investigation of the stars and
galaxies, unobscured by the opacity of the Earth's
atmosphere.
In Earth orbit, as an outgrowth of the long-dura-
tion Apollo missions described earlier, a "medium-
size" manned orbiting research laboratory might be
developed. Such a space station would accommodate
six to nine men and remain in orbit for up to 5
years. Resupply vehicles, or "space shuttles," could
be used for crew rotation and for delivery of equip-
ment and supplies. The laboratory would provide
roomy quarters with a "shirt-sleeve" environment for
conducting a wide variety of experiments in space.
It would also contain a centrifuge, should it be found
essential for reconditioning crew members to with-
stand the effects of gravity after periods of weight-
lessness.
A larger permanent manned orbiting research lab-
oratory accommodating 20 to 30 men might then be
developed by assembling three or four of the medium-
size laboratories in space. Artificial gravity could
be provided in the laboratories by rotating them about
their axes.
Possibly the most challenging long-term goal of
the entire space program is manned exploration of
the planets—especially of Mars. One of the most
significant events in the history of mankind may well
occur when man first sets foot on the planet Mars,
possibly to view plant life and animal life unlike
anything ever seen on Earth. Although tremendous
strides in space technology and many preliminary
unmanned and manned missions of various types must
be carried out before manned exploration of Mars
can be seriously considered, preliminary study has
been given to such a mission.
In the words of Mr. Webb, "these missions, to-
gether with unmanned exploration of comets, aster-
oids, and the more distant planets, and of the in-
ner and outer reaches of interplanetary space all
portend a new era of understanding for man, par-
ticularly of the origin and evolution of the Sun and
the planets, about which he has conjectured for so
many centuries."
THE SCIENTIFIC EXPLORATION OF SPACE:
A PROGRESS REPORT
John F. Clark
Director of Sciences, Office of Space
Science and Applications
NATIONAL AERONAUTICS AND
SPACE ADMINISTRATION
The National Aeronautics and Space Administra-
tion was established nearly 7 years ago in the early
days of the Space Age. Motivated by the intent to
establish and maintain this country in a strong posi-
tion in the space age, we have undertaken to develop
a broad space capability that will secure to this na-
tion strength, security, flexibility, and the freedom
of choice in space matters. An essential part of this
effort is a vigorous program in the use of rockets and
spacecraft to advance human knowledge of the Earth
and space and to develop practical space applications.
This paper is concerned with the achievements of this
vigorous program.
The NASA Space Science and Applications Pro-
gram is large and diversified. Its present level of
furrtling is almost three-fourths of a billion dollars
per year. Since its inception our program has achieved
57 successful satellite and space probe flights. In
addition, hundreds of successful sounding rocket
flights, balloon-borne and aircraft experiments, ground
observations, laboratory research, and theoretical work
serve to round out the effort and to establish close
ties between the space flight program and related
ground-based activities which are essential to a valu-
able and productive space flight effort.
Of the 57 successful space flight missions, 33 were
scientific satellites, 18 were applications satellites,
and 6+ were successful deep space probes. The plus
refers to Mariner IV, which on Friday, May 28, will
have been en route to the planet Mars 6 months.
The program began with modest Explorer-type
satellites. Since then, the spacecraft have become
more complex in order to carry out their more am-
bitious missions. In the space exhibit at the McDon-
nell Planetarium are a full-scale Scout launch ve-
hicle; models of the Ranger and Mariner IV space-
craft; and the Tiros, Nimbus, Orbiting Solar Ob-
servatory, Alouette, Echo, Syncom, Relay, and several
different Explorer satellites. This is an extensive
sampling of our launch vehicles and spacecraft, but
there is an equally extensive list of models which are
not here, including such major launch vehicle systems
as the Atlas-Centaur, Atlas-Agena, Thor-Agena, and
Delta; the Surveyor and Lunar Orbiter spacecraft;
the Biosatellite; and the Orbiting Geophysical and
Astronomical Observatories.
The tremendous scope and diversity of this pro-
gram always present problems for the speaker who
would summarize its accomplishments. The method
most frequently selected is that of concentration on
a few selected space flight projects or areas of sci-
ence, generally those of particular interest to the
speaker. But in following such a course, it is in-
evitable that most of the forest must remain unex-
plored and unnoticed while a few specific trees are
sketched in considerable detail.
Today, I have chosen the alternate course of pre-
senting a comprehensive progress report on our sci-
entific exploration of space by dividing the total pro-
gram into its component scientific and applications
disciplines. I will take up first the discipline of stellar
and galactic astronomy, followed by a discussion of
the Sun, our nearest star and the source of energy
for the solar system. The third discipline will be
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that of energetic particles and fields, including the
solar wind and its interaction with the Earth's mag-
netosphere, and th° Van Allen radiation belts. As
we come closer to Earth, we encounter successively
the fourth and fifth disciplines of ionospheres and
atmospheres. This leads naturally to the three areas
of meteorology, communications, and geodesy. We
will then turn our eyes away from Earth—first to
the Moon, then to other planets.
ASTRONOMY
As you will undoubtedly hear this afternoon from
Professor van de Hulst, the astronomical community
has been planning for many years to use large, ac-
curately pointed telescopes above our atmospheric
veil to explore the celestial sphere at wavelengths
which cannot penetrate to the Earth's surface. How-
ever, while waiting for the large Orbiting Astronom-
ical Observatories to be launched, sounding rockets
have provided both exciting scientific results and data
required to design effectively the future satellite
investigations.
One such rocket experiment lead to an unex-
pected result. The amount of light at ultraviolet
wavelengths was found to be about as expected for
average stars such as our own Sun, but for hotter
stars, the amount of UV radiation was found to be
as much as 30 times smaller than had been expected.
These findings have lead to a recent substantial re-
vision downward of the temperatures for these hot
stars, thus bringing their theoretical and experimental
values of ultraviolet flux into agreement.
Even more recently, sounding rockets have lofted
X-ray detectors, which have discovered and located
the positions of ten separate X-ray sources to within
1.5 degrees of arc or better. The position of several
of these sources are defined with sufficient accuracy
to search optical photographs to locate their sources.
The X-ray source in the Crab Nebula has an angu-
lar diameter of 1 arc minute as determined from the
rocket observation of a lunar occultation of the Crab
and is located within 1 arc minute of the center of
that Nebula.
THE SUN
From the perspective of a solar physicist, the Earth
is a body immersed in the atmosphere of a star
which we call the Sun. The radiations from the Sun
control the environment of interplanetary space, of
our Earth, and of the other planets. The emission of
radiation from the Sun, except in the visible region,
is now known, primarily from rocket and satellite
observations, to be variable. As a consequence, the
Earth environment is variable. There is a systematic
variation in solar activity, with a maximum and a
minimum, each occurring every 11 years. We are
presently in a period of minimum solar activity, with
the next period of maximum activity expected to
occur near the end of this decade.
The solar flare appears to be the most important
part of the solar activity insofar as the effect upon
the Earth environment is concerned. The flare is a
sudden brightening of a large area of the solar
surface occurring in a few minutes and then slowly
decaying away over a period of hours. X-rays and
enhanced ultraviolet light are emitted during the life
of the flare, and these radiations increase the ioniza-
tion in the Earth's ionosphere, thereby disrupting
short-wave communications.
Measurements from the satellite OSO-I have pro-
vided an excellent correlation of the flux of solar
X-rays with the passage of active regions across the
surface of the Sun. From these data it was evident
that even during a period of minimum solar activity
the solar X-ray flux was highly variable. Out of
several hundred hours of observation only about 6
hours were found in which the X-ray flux did not
vary by more than 5 percent. Superimposed on
this slowly varying component were rapid variations
which, in one extreme instance, changed the flux
by a factor of four in less than 1 second, thereby in-
dicating a highly localized source of the X-radiation.
ENERGETIC PARTICLES AND
MAGNETIC FIELDS
Next we move outward from the Sun to consider
the solar wind and its interaction with the Earth's
magnetosphere, which is that region of interplane-
tary space dominated by the Earth's magnetic field.
The solar wind, first mapped in some detail by the
Mariner II Venus probe, is a steady stream of charged
hydrogen and helium nuclei, moving outward from
the Sun with a velocity of some 400 km/sec and
carrying with it a magnetic field. The strength of
this field is roughly 1/10 000 as much as the field
at the surface of the Earth, and its characteristics
match closely those of the local magnetic field ob-
served several days earlier on the corresponding re-
gion of the Sun.
Two boundaries are deduced by the interaction
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of this solar wind with the terrestrial magnetic field.
Roughly 50 000 kilometers away from the Earth to-
ward the Sun lies the boundary of the magnetosphere,
which was observed by the satellites Explorers XII
and XIV. Explorer XVIII found 25 000 kilometers
closer to the Sun a second boundary, or shock front,
which separates the region of undisturbed solar wind
from the largely disordered flow produced by its
interaction with the Earth's magnetic field. This
phenomenon is, in many respects, analogous to that
observed in a supersonic wind tunnel, as the flow
of gas interacts with and goes around a blunt body,
with a consequent production of a shock front very
similar to that observed between the Earth and Sun.
Behind the Earth, that is, in the direction away
from the Sun, the terrestrial magnetic field is swept
out by the solar wind to very great distances. In-
struments on Explorer XVIII had mapped this mag-
netospheric tail out to the limits of the satellite's or-
bit at 200 000 kilometers which is more than halfway
to the Moon. Indications are that this tail extends
well beyond the Moon and resembles in many respects
the tail of a comet. During the flight of Mariner
IV toward Mars. no evidence of Earth's magneto-
sphere was found at distances beyond Earth of some
30 X 10" kilometers.
Other interesting phenomena have been discovered
in the region of Earth's magnetosphere behind Earth,
including a magnetically neutral sheet separating the
outwardly-directed magnetic field characteristic of the
Southern Hemisphere from the incoming magnetic
field characteristic of Earth's Northern Hemisphere.
The Van Allen trapped radiation belts are promi-
nent features of the magnetosphere, and have been
extensively mapped and studied over the past seven
years, using satellites and space probes.
Explorer XVIII also discovered that the Moon
possesses a wake analogous to Earth's magnetospheric
tail, during a single penetration of the Moon's tail
at a point approximately halfway between the Moon
and Earth.
Historically an entirely different field of investi-
gation has been the study of cosmic rays, which were
discovered early in this century. Most of the ob-
servations had to be confined to the higher energy
components of the cosmic rays because only these
could penetrate the Earth's magnetic field to balloon
altitudes. Forbush had found a rather surprising
modulation of the cosmic ray flux by solar activity,
in particular, a general decrease of this flux during
periods of maximum activity of the Sun, and short-
term decreases after larger solar flares followed by
recovery in a few days.
Space probe and satellite observations have now
produced direct measurements of the mechanism by
which the Sun modulates the intensity of galactic
cosmic rays. Specifically, the magnetic field im-
bedded in the solar wind, despite its small magni-
tude, acts over interplanetary distances so large that
minute changes in direction accumulate so that pri-
mary cosmic ray particles with energies up to many
thousands of billion electron volts are prevented from
reaching Earth. Solar activity strengthens the field
and decreases the cosmic ray flux. There was a sub-
stantial increase in observed cosmic ray flux between
the 1962 flight of Mariner II to Venus, and the
Mariner IV flight toward Mars 22 years later, at a
period of minimum solar activity. Because of their
importance in the dynamics of the universe, we are
looking forward to the eventual measurement of the
less energetic cosmic ray flux in interstellar space.
THE IONOSPHERE
Earth's ionosphere is that part of the upper at-
mosphere in which electrons exist in sufficient num-
bers to affect radio waves. It starts roughly 50 kilo-
meters above Earth's surface and extends outward
many hundreds of kilometers. It is produced pri-
marily by the interaction of solar radiation with the
neutral atmosphere. The atmosphere thus behaves
as an absorbing blanket which shields Earth from
radiation in the X-ray and ultraviolet regions, and
a study of the ionosphere provides a method for in-
vestigating this absorbed radiation and the complex
resultant reactions and dynamic processes in the
ionosphere.
As in the other scientific disciplines, of prime
importance to the progress made in ionospheric re-
search in the past 7 years is the acquisition of new
satellite data. The detailed measurement of electron
density from above the ionosphere, made from the
Canadian/U.S. Alouette I satellite, enabled this re-
gion to be charted for the first time, and established
the nature of the topside ionosphere on a global
scale. Associated with this satellite a new series of
electromagnetic plasma resonances was also dis-
covered which enabled both the magnetic field and
the electron density to be determined with high
precision in the vicinity of the spacecraft.
Helium was discovered to be an important con-
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stituent in the upper atmosphere. The development
of techniques for measuring both neutral gas and
charged particle temperatures resulted in the dis-
covery that the charged particles produced by photo-
ionization of the neutral atmosphere can have tem-
peratures well in excess of that of the neutral gas.
THE ATMOSPHERE
Probably the most striking summary of our present
understanding of the Earth's upper atmosphere is
recognition of the variability in structure and com-
position that occurs with changes in latitude, altitude,
time of day, season, and solar cycle. The upper
atmosphere was found to be quite responsive to ex-
ternal energy inputs, principally but not exclusively
of solar origin. For example, the temperature of
the isothermal region of Earth's atmosphere above
about 300 kilometers has exhibited values between
700 and 1800 ° K and higher.
The importance of molecular diffusion in deter-
mining the distribution with altitude of atmospheric
constituents has been well established. Hydrogen
and helium have been found to be important constit-
uents of the Earth's upper atmosphere, and the den-
sity of the atmosphere at these extreme altitudes is
much greater than previously expected.
A diurnal bulge in density of the upper atmosphere
exists on the daytime side of Earth with the maximum
occurring in the early afternoon. Strong windshear
zones have been found in the region from 70 to
120 kilometers above Earth's surface.
METEOROLOGY
Cloud cover observations began with the launch
of the satellite Tiros I in April 1960. Nine suc-
cessful Tiros satellites have provided virtually con-
tinuous observations since that time.
These satellites demonstrated very quickly that the
Earth's cloud cover is highly organized on a global
scale. Coherent cloud cover systems are found to
extend over thousands of miles and are related to
other systems of similar dimensions. In this way, the
integrated characteristics of the atmosphere on a glo-
bal scale has been shown very clearly. Also, individual
weather systems have been directly identified by their
cloud structure, thus making it possible to identify
and locate important atmospheric phenomena, such
as fronts, storms, hurricanes, and cloud fields, and to
chart their courses on a daily basis with high accuracy.
For example, during 1964 meteorological records
list 62 tropical storms. Of these 62 storms, 45 were
observed by meteorological satellites, and 17 of these
45 were located and identified by satellite before they
were noted in the forecast bulletins issued by the
cognizant forecasting centers.
The achievements just described were based on the
TV cloud pictures provided during sunlight only.
Infrared radiation measurements have provided some
nighttime cloud cover data from which the height of
the cloud tops could be inferred. Tiros IX, launched
this past January, has demonstrated a capability to
obtain global cloud cover data daily from a spin-
stabilized satellite whose spin axis is maintained per-
pendicular to its orbital plane.
Command and data acquisition stations, communi-
cation links, and data processing techniques have been
developed in order to permit the Weather Bureau to
utilize satellite information in a timely manner in its
routine weather analysis and forecasting operations.
The space program is, in fact, playing an important
role in providing the global data gathering capability
needed to match advancing theory, moving us rapidly
closer to the day when successful long-range weather
forecasting , ill be possible.
It should be noted that satellites do not replace
the ability of rockets to take measurements directly in
the lower atmosphere. Thus, meteorological rocket
data have indicated the existence of different circula-
tion patterns above and below 80 kilometers, suggest-
ing the possibility of different physical mechanisms to
sustain these motions. A similar importance is attached
to sounding rocket data in the disciplines of atmos-
pheric and ionospheric physics.
COMMUNICATIONS
It is not necessary to recite to you in detail
the outstanding successes achieved by Echo, Relay,
and Syncom, because these successes are so familiar
to every owner of a TV receiver. A session entirely
concerned with the impact of space on communica-
tions is scheduled for this conference. In all likeli-
hood, the chartering of a commercial Communications
Satellite Corporation by the Congress, the successful
launch of that corporation's first Early Bird satellite
by NASA, and the inauguration of commercial service
via Early Bird by the Communications Satellite Cor-
poration are achievements which make unnecessary
any further remarks on this topic.
GEODESY
A satellite's orbit is determined by the distribution
of mass within the Earth. If the Earth were a perfect
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sphere, the satellite would move in an orbit whose
plane would keep a constant orientation in space.
Actually, the plane of a satellite's orbit rotates
slowly in space due to the additional force of attrac-
tion exerted by the Earth's equatorial bulge. Studies
of the orbital changes of a number of satellites have
yielded a very precise value for the height of this
bulge. There exists a discrepancy between the ob-
served value and that which should exist on the
assumption of hydrostatic equilibrium. This implies
that the interior of the Earth has sufficient interior
mechanical strength to maintain its nonequilibrium
shape in spite of the resultant stresses at the base of
the outer mantle.
More detailed analysis of these gravitational varia-
tions yields a figure of the Earth in which the North-
ern Hemisphere contains slightly more material than
the Southern Hemisphere, and in which there is a
lump in the region of the southwestern Pacific, a de-
pression in the Indian Ocean, and another depression
in the Antarctic. Although these depressions and ele-
vations have heights of only some tens of meters, the
information is very important because of its direct
bearing on our ability to deduce the processes by
which the continents have been formed and by which
mountain building continues.
For the first time in this century, a new set of
astronomical constants involving major changes was
adopted by the International Astronomical Union at
its meeting at Hamburg in August 1964. These
changes were due directly to an improvement in
constants used in computing the orbits of satellites
and space probes and will significantly improve astro-
nomical predictions of the positions of celestial bodies
in the future.
Although further analysis of satellite data should
result in substantial additional improvements of our
knowledge of the Earth's gravitational field, the most
outstanding accomplishments expected in satellite
geodesy in the relatively near future are in geometrical
geodesy, which is the accurate location of various sites
on the same Earth-centered reference frame. Observa-
tions of the new satellite series called GEOS and of
its passive balloon satellite cousin PAGEOS will per-
mit for the first time the accurate mapping of places
throughout the world on a single coordinate system,
and the accurate determination of the relative positions
of the various geodetic datums which, in the past,
have been derived separately for each country or
region with little or no possibility of interconnection.
THE MOON
Telescopic pictures of the Moon have been collected
and published in a single atlas so that the entire
visible portion of the Moon is available for reference.
By a clever technique, Professor Gerard Ku per has
been able to make rectified pictures of the lunar
surface showing how even regions near the edges of
the Moon would look if one were able to view them
from the vertical direction. Careful Earth-based
photometric studies of the lunar surface have made
possible geological maps which indicate variations
in the type of surface material. These maps have
been and will continue to be useful in the selection
of sites for Surveyor missions.
Earth-based radar measurements of the lunar sur-
face characteristics show that the Moon's surface looks
rather smooth to radiations of approximately 1 meter
in wavelength. At shorter and shorter radar wave-
lengths, the surface becomes rougher and rougher,
approaching the very great roughness observed in
visible light. Laboratory attempts to duplicate these
characteristics at radio and visible wavelengths have
yielded a rather dark-colored, lightweight, porous
material.
Earth-based infrared temperature measurements
show that after sundown there are areas on the lunar
surface which cool much more slowly than does the
general lunar surface. This observation has been
interpreted as showing that the slowly cooling areas
are composed of material of higher conductivity than
the general surface. More solid rock in the floors and
walls of younger craters has been prominently featured
in such interpretations.
In the first decade of the 19th century, Sir William
Herschel reported seeing red clouds on the lunar
surface. Few additional reports of lunar activity were
received until 1957, when Kozyrev reported sightings
of red clouds in the crater Alphonsus. Additional
sightings were made in October, November, and
December of 1963, and in June, 1964, near the crater
Aristarchus. While no consensus has been reached
concerning the origin of these phenomena, it is no
longer believed that the Moon is a totally dead rock.
In 1959, the Soviet Lunik III photographed two-
thirds of the Moon's far side at a resolution greatly
inferior to that achieved by Earth-based photography
of the Moon's near side. The Lunik pictures did
show that the Moon's far side does not appear grossly
different from the Moon's near side.
Within the past 10 months, the magnificently
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successful missions of Rangers 7, 8, and 9 produced
photographs of the Moon at a resolution some 2 000
times better than that obtained from Earth-based tele-
scopes. Considerably more time will be required for
the full analysis of these thousands of pictures, but
some facts are already clear:
1. The density of craters increases roughly ex-
ponentially with decreasing size, down to the small-
est sized craters in Ranger photographs, and craters
are the dominant topographic features to be seen
at close range.
2. Small, relatively fresh primary craters in the
lunar maria are strikingly similar in appearance to
those of larger size.
3. Most of the craters smaller than 300 meters
in diameter have smoothly rounded rims and show
large variations in depth-to-diameter ratio.
4. The small-scale features of the "blue" mare,
of which Tranquillitatus appears typical, the "yel-
low" mare, of which Cognitum appears typical,
and the floor of the crater Alphonsus are strikingly
similar.
5. The lunar surface appears to be virtually free
of boulders or other protruding debris.
6. No small-scale sharply-defined surface cracks
seem to exist on the Moon.
7. Two distinct types of craters exist on the
Moon in all size ranges. The sharper primary
craters appear to have been formed by high velocity
impacts of extra-lunar material. The softer second-
ary craters are probably caused by debris thrown
from the primary craters.
8. A third crater type, termed a dimple crater
by Dr. Urey, is contained in a smaller number of
the Ranger photographs. They appear to be depres-
sions like those formed when an unconsolidated
material like sand is allowed to flow into a crack
or a crevice.
9. The dark halos around several craters within
the large crater Alphonsus are deposits relatively
newer than the floor material.
10. The crater walls, rims, and highland regions
around Alphonsus appear smoother than the crater
floor. The same is true of the central peak, and no
central vent is apparent.
11. There is considerable evidence for fluid
flows of Eome form in the mare floors and other
regions.
12. Faint linear structures consisting of crater
chains, elongated craters, shallow linear depres-
sions, and ridges show predominant directional
trends which generally coincide with the large-
scale lineaments which have been observed from
Earth's surface for a long time.
There is no question but that a new and exciting
chapter has opened in man's search for knowledge of
his nearest celestial neighbor. The detailed informa-
tion on lunar topography to be provided by the Lunar
Crbiter, knowledge on the strength and other char-
acteristics of the lunar surface to be provided by
Surveyor, and above all the ability of man to explore
the lunar surface in person and to bring back selected
samples of that surface will surely increase our
knowledge of the Moon at an accelerating pace
throughout the remainder of this decade.
THE PLANETS
Because the space program has provided in situ
information about only one other planet, Venus, and
may be about to produce information about one other,
Mars, my next remarks will be confined to these two
planets.
Ground-based radar measurements have determined
that Venus rotates very slowly in a direction opposite
to that of the other planets, so that from the Venus
surface one would see the Sun rise in the west and
set in the east twice each year—that is, if the thick
cloud cover would permit. Mariner II spacecraft and
the ground-based measurements are in agreement that
the surface of Venus may be as hot as 700° K with
very little difference in temperature between the sunlit
and dark hemispheres. The Venus surface pressure
appears to be of the order of 10 Earth atmospheres
or greater. The absence of a planetary magnetic field
or of trapped radiation at the closest approach to
Venus of Mariner II has lead to the conclusion that
if Venus has any magnetic field it is less than one-
tenth that of Earth.
Although Mars is smaller than Venus and farther
from Earth, its relatively clear atmosphere and better
illumination by the Sun at times of closest approach
to Earth have combined to provide us with more
ground-based information about Mars than any other
non-terrestrial planet. Crude maps of the Mars sur-
face are available with resolutions of several hundred
kilometers. The direction of rotation of Mars about
its axis is the same as that of Earth, and the duration
of the Mars day is very similar to that of an Earth
day. Seasonal changes of Mars' surface features
somewhat analogous to those of Earth also have been
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observed, with polar ice caps which wax and wane
and color changes which have been attributed by
some scientists to vegetative growth associated with
seasonal water availability. Ground-based spectro-
scopic observations indicate that the surface atmos-
pheric pressure on Mars is approximately 25 millibars
rather than the formerly accepted polarimetric value
of 85 millibars. Carbon dioxide is a prominent atmos-
pheric constituent.
During its fly-by of Mars this coming July 14,
Mariner IV, if all continues to go well, should trans-
mit back to Earth some 20 photographs of portions
of the Mars surface with a resolution of surface
features as small as 3 kilometers. Of comparable
importance, as the spacecraft is eclipsed by the planet,
analysis of the strength and phase of its radio signals
should yield accurate values for the Mars surface
pressure. Measurements during the fly-by will deter-
mine the existence and strength of the Mars magnetic
field and of trapped radiation analogous to the terres-
trial Van Allen belts. The fluxes of solar protons and
meteoroids will continue to be monitored. All of
this information will be important in helping us
define more precisely the investigations to be con-
ducted by the larger Voyager Mars missions beginning
4 to 6 years from now.
BIOSCIENCE
Although the impact of the space program on
bioscience is still developing, there appears to be much
of promise in the space program for the bioscientist.
Of particular importance is the area of exobiology,
that is, the search for and study of extraterrestrial life.
Should life be discovered on Mars this will be an
exceedingly exciting event in the space program. Even
if life is not discovered on Mars, however, the investi-
gation of the chemistry of the planet, particularly of
how far that chemistry may have progressed toward
the ultimate development of life, will be of interest
and importance. Finally, in near-Earth satellites there
will be the opportunity to study living material under
the conditions of outer space. Of particular signifi-
cance will be the condition of weightlessness, and the
removal of the living organisms from the normal
periodicities experienced at the surface of the Earth.
CONCLUDING REMARKS
I hope that the division of this talk into individual
disciplines has not obscured the unity of space science.
Science in space is not separate from the rest of
science, but is rather an extension made possible by
the availability of spacecraft and rocket boosters.
Thus, because of the space program, geophysics is
experiencing a tremendous resurgence and broadening
of its horizons. On the one hand, the geophysicist
finds in the satellite a new tool for investigating
classical problems, such as the structure of Earth. In
addition, he finds exciting new problems to tackle,
such as the interactions between the solar wind and
the Earth's magnetosphere. Moreover, geophysics is
being carried forward to new domains as instruments
reach other planets, giving to the discipline a perspec-
tive that it could never have achieved while confined
to a single body of the solar system.
Similarly, the space program is giving a new dimen-
sion to astronomy. The ability to make observations
above the filtering, distorting atmosphere in wave-
lengths not hitherto observable promises exciting new
discoveries. The physicist also finds in the regions
of outer space a laboratory of challenging opportunity.
In interplanetary space, matter and fields exist under
conditions unobtainable in a laboratory on the ground.
It is indeed interesting to observe that one of
the impacts of the space program on geophysics,
astronomy, and physics has been to draw these three
disciplines together more closely than they have been
drawn together in the past. In the investigation of
Sun-Earth relationships and in the broader problem
of investigation of the solar system, all three of these
disciplines find themselves in partnership on prob-
lems of common interest.
In conclusion, I hope that I have been able to
communicate to you a small measure of the excitement
which has been seizing the scientific community in
one discipline after another, as results from their
space flight experiments swell from a trickle to a
torrent. For me, the real importance of our program
for the scientific exploration of space lies in the fact
that its true potential for increasing man's knowledge
is just beginning to reach fruition. And, in the Space
Age, more than ever, "Knowledge is Power."
DISCUSSION
Hugh L. Dryden
George E. Mueller
John F. Clark
QUESTION: I would like to ask Dr. Dryden if he
could characterize the Soviet accomplishments in both
manned and unmanned space in comparison with the
U.S. accomplishments.
DRYDEN: To do this, very briefly, I think in the
field of weather satellites and communication satel-
lites, we are quite far ahead in the scientific fields
that you have heard Dr. Clark talk about. I think
we have the lead, but they are increasing their effort
so that, in time, they will be a serious competitor.
In the manned space flight, they have had the ad-
vantage of the larger booster capacity which we have
just succeeded in realizing. They have more hours
in space and they put somewhat greater weights into
space, but I think this is a lead that will disappear
in time. Both of us are developing, as fast as we
can, the same capabilities that are needed for man
to operate in space. The order in which we happen
to reach various items, I think, is relatively unim-
portant compared to the overall result. For instance,
we did the first maneuvering of the satellite, and
their man first walked in space. I do not think
that it is significant insofar as the relative positions are
concerned.
QUESTION: I would like to ask Dr. Mueller or
Dr. Dryden where the Manned Orbital Laboratory
fits into our space program? In some ways, it seems
more reasonable to have it occur before Apollo, and
in some ways it seems logical to have it somewhat
following Apollo.
DRYDEN: First of all, note that Mercury was a
one-man space laboratory of sorts; Apollo is a three-
man space laboratory. We can do our so-called or-
biting laboratory experiments that are necessary to go
to the Moon with the three-man Apollo space station.
Before we undertake travel of months to planets,
a very large amount of experimentation in the Earth's
space station or space laboratory will be necessary
both on man and on machines. Now, very frankly,
the reason for the selection of order was an assess-
ment made at the time of President Kennedy's de-
cision that the booster capacity which our compe-
tition had would enable them to accomplish such feats
as soft land on the Moon and put up a space station
before we could. They decided to do so and did it.
Now, they have, of course, not been able to do
everything that they have been capable of doing any-
more than we have, and they have not accomplished
all their potential at as early a date. Our assessment,
at the time, was that the nearest goal at which we
could start more or less even in the competition was
that of going to the Moon and, for that reason, we
contented ourselves with Earth-orbit experiments on
a three-man space station rather than the develop-
ment of a larger one at this time.
MUELLER: I wanted to add just one thought—
we have been looking rather carefully at the experi-
ments that man can do and should do in space in
the immediate future. One of the results of that
look has been that it would appear that we need
more unpressurized volume for the conducting of the
experiments than we do pressurized volume. It is not
just that a certain pressurized volume is needed, but
rather what it is we need to do there. These thoughts
have led us to the feeling that we can do all of the
experiments we presently believe need to be done,
at this phase of the development of the space pro-
gram, using the basic Apollo and lunar excursion
module hardware--for durations of several months,
of course. For very long durations, we do not have
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enough knowledge to know just exactly what con-
ditions man requires.
QUESTION: I am not sure to whom I should direct
this—possibly Dr. Dryden. Could you put a rela-
tive price tag on Russian efforts compared to ours?
Are Russian limitations possibly due to their lack
of finances? In other words, do they have the money?
Is this their problem?
DRYDEN: I do not think I want to pose as an
expert on the economics of Russia, but from talking
to Russian scientists and engineers, I gather they have
trouble getting funds from their authorities—just as
we do.
MUELLER: From whatever you can measure in
the way of the activitie,- in space, it is quite clear
that the Russians are devoting a large amount of
funds to their space program—probably comparable
in terms of their economy to our efforts. It might be
interesting to note that during the past year alone,
th^ Russians launched about three times as many
satellites in the Cosmos series as this country did.
So, they have some very large programs which have
not been adequately reported as yet.
We ought to make it very clear that the Rus-
sians are putting a large effort into space and that
this effort has been increasing through the past few
years, building up at a tremendous rate. I do not
want to steal your luncheon speaker's talk, but he
will say, "Do not underestimate the Russians."
QUESTION: Do we have a program for landing
on the Earth—let us say on good solid Earth—that
might be comparable to landing on the Moon? I
recognize there is a big degree of difference due to
gravitation and similar factors, but it does seem that
landing on the Earth would add a lot to the com-
mercial aspects of space.
MUELLER: Well, the hull of the space capsules,
as you understand, are capable of landing on the
Earth. They have to be because that is always one
of our emergency landing spots. In order to provide
for regular landings on the Earth, there are certain
additional complexities that need to be added to
the spacecraft and to the ground system. A rather
careful analysis was made of this, and it was de-
cided, in the case of both the Gemini and the Apollo,
that since we needed to deploy ships to provide for
both communications and for emergency landings,
there were fewer complexities involved in a water
landing than in a land landing.
We have been continuing the study of land land-
ing methods—how to land on land, and whether
it is quite feasible to do so. It does not appear, how-
ever, that we are quite ready to enter into commercial
operation of the space system, and, until we do pro-
gress further, there do not appear to be overwhelming
advantages in the development of an actual land
landing capability. However, that is an open topic
and one that we are working on quite hard at the
present.
DRYDEN: May I just add one comment to go
back before Dr. Mueller's time. The original de-
cision was made because landing in the water is a
much more predictable event. You do not have to
worry about whether there is in the landing area a
plowed field, a railroad track, a transmission line,
or hard rock. Also, there is a considerable differ-
ence between real estate available to us in the United
States and the vast areas in Russia in which the
problems of, at least, civilization are a little less acute.
We have, of course, had programs for developing
land landings; their development did not proceed
as rapidly as the development of the spacecraft. We
are still making such experiments, as you know, if
you read the papers.
QUESTION: I would like to ask a question of Dr.
Clark. There was a paper published by a Dr. Bailey
of Australia within the last year, I think, that
proposed that the Sun has a large electrostatic charge—
I have forgotten the exact figure, somewhere near
10 18 or 10" ,
 electrostatis units. What is your opinion
of this theory and, if it is true, what is the possibility
of using it as a source of propulsion for electrostatic
charge spacecraft?
CLARK: That is a rather tall order. I am familiar
with the paper, and I think that this is the sort of
situation where, in the normal course of scientific
refearch, one must simply wait for all the returns
to be in. It is the sort of thing which is exceedingly
difficult—well, it is impossible, I think—to measure
directly, so it is necessary to make predictions based
on what such a charge would do in terms of phe-
nomena like the solar wind and then see if these pre-
dictions are verified. To date, no such prediction
or test has been possible, and it therefore re-
mains pretty much theory to the best of my present
information.
If this theory should be proved, this sort of thing
may well be analogous to the large electrostatic charge
on the Earth from the 300 kv potential between the
Earth's ionosphere and ground. Now, there is a
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tremendous amount of energy available to something
like 2000 amp flowing in that system. When 300 kv
is multiplied by 2000 amp, the product is quite a bit
of kilowatts. But the problem is that the current is
so widely diffused around the Earth that the actual
current that one could collect and the actual number
of watts that one could get at any flight over the
Earth's surface is unfeasibly small by something like
10" ! or 10'. I would suspect it is the sort of a situa-
tion you would have if the same situation holds with
the Sun, involving tremendously larger distances,
and, of course, the tremendous problems of getting
in close to the Sun would make such an undertaking
a few orders of magnitude more difficult than that
on the surface of the Earth.
QUESTION: I would like to address this question
to Dr. Mueller. The next period of anticipated solar
activity maximum is at the end of this decade which
coincides with the time we are planning our manned
lunar missions. What effect, if any, will this have
on our manned lunar landing?
MUELLER: Well, we have spent a great deal of
time evaluating both the magnitude and intensity
of the solar flares and their number, and also ex-
amining the shielding offered by the command mod-
ule, by the lunar excursion module and by the
various clothing that the astronauts wear. There is
a possibility that we would need to abort one of
the landed missions in the event we were on the
lunar surface at the time a flare developed. That
possibility appears to be about—well, it is hard to
predict at this point in time—but it is very small.
During the rest of the course of the flight, the astro-
nauts are adequately protected by the spacecraft, and
it does not represent a danger to them. Now, this
is true of the largest solar flare that we have ever
observed, and includes all of the solar flares that
we have observed to date.
QUESTION: Gentlemen, do we have proof that
some of the Russian manned space flights were un-
successful in their ultimate ends? In other words,
was there any unsuccessful landing of a Russian space
flight.
DRYDEN: I am not quite sure what you mean.
We do not know of any Russian astronauts that were
lost. There has been one landing within the space
cabin. In all others, the astronauts have left the ship
at about, I think, a few thousand, maybe tens of
thousands, of feet and landed by parachute.
QUESTION: You have no knowledge of any
Russian astronauts that were left floating in space?
DRYDEN: No, we do not.
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This bicentennial space symposium is a tribute to
the past, a salute to the present, and a beacon of hope
for the future. It marks for our attention those whose
enterprise and initiative have made St. Louis a thriv-
ing metropolis and those who have contributed their
technical and managerial skills to the national space
program. I take the opportunity afforded me today
to congratulate those who planned and are responsible
for this symposium.
DYNAMIC FORCE
The space effort is one of the most dynamic and
constructive forces to have influenced this great coun-
try's growth. It combines exceptional abilities, private
and public resources, the factor of competition, and
the pioneering spirit. The future of our country may
well rest upon our performance in space. Be assured
that space, as a way of thinking and as a vigorous
enterprise, is here to stay. It has become a permanent
and an essential part of our Nation's institutional
structure.
MISUNDERSTANDING
Optimism is fully warranted, but it is not so exten-
sive as to leave room for complacency. There are
contrary factors with which our national space pro-
gram must contend both at home and abroad. The
adverse forces at home are largely those nourished by
misunderstanding. It is the responsibility of each of
us to do what he can to dissolve such confusion—
particularly the mistaken thesis that we have so many
health and welfare needs for our resources here on
Earth—so much unemployment, malnutrition and
ignorance—that we cannot afford to spend our money
on space exploration and particularly on the Moon
project.
We should maintain a continuous campaign to
improve our way of life, our state of health, our rate
of economic growth, and our level of education. We
should do everything we can do effectively and effi-
ciently in those regards, but those needs must not be
considered to be competitive with our space needs—
any more than they are competitive with our national
defense requirements. Rather, they complement each
other. We can afford to do what is needed in space
exploration just as we can afford to do what is needed
for our general welfare and for our national defense.
In fact, if we are both patriotic and prudent, we
cannot afford to do less.
SPACE BENEFITS
It should be realized that resources devoted to
space progress create more resources for other pur-
poses. The way of space is the way of the pioneer,
but it is also the way of the builder—the force which
adds to the total rather than takes from one to give
to another.
If we examine the long list of benefits from our
space endeavors, we note particularly that they give
stimulation to our economic and our technological
growth. Properly managed, our space program can
help significantly to pay for many of the other require-
ments of our Great Society and help strengthen our
National security at the same time. Our position as a
world leader depends substantially on our space pro-
gram to do both.
It should be unnecessary to point out that funds
devoted to the lunar program will be spent to develop
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our over-all National space capability and conse-
quently have much greater significance than just the
successful manned round trip to the Moon. Every
dime of that money is spent right here on Earth,
stimulating growth, employing personnel, funding
new research, developing hardware, and building
laboratories, and other useful facilities. And, above
all, it strengthens our Country in this competitive
world.
SPACE COMPETITION
The space program has to meet contending forces
both abroad and at home. We have many excellent
relationships with other countries in the form of
cooperation in our space program. But, while we talk
of cooperation (and we do mean it), we must at the
same time recognize that there is competition between
this Country and the Soviet Union in the field of space.
It is well for us from time to time to take stock—to
take a careful look—in order to see how we are
making out in comparison with our main competitor.
While it is correct to refer to this as a "space race,"
it is much too complex a venture to permit one to
state categorically who is ahead and by how much in
the over-all effort. Both space programs are broad
in scope and are strongly supported. There are,
however, differences in emphasis and in priorities.
Making comparisons is also hampered by the secrecy
which cloaks so much of the Soviet's activity and
some of ours.
One major thesis should be emphasized before
making any comparison—the United States should
have a vigorous space program and would obtain
many benefits from it even if no other nation were
engaged in space technology. As Vice President
Humphrey said at the Goddard Memorial Dinner
this March: "If we were the only nation engaged in
a space program, it would still be in our best self-
interest to increase our efforts." His thesis is sup-
ported by the fact that the space effort helps raise our
standard of living, increases our store of knowledge,
and furthers world peace.
We should not forget for a moment, however, that
we have very strong competition in space, and that
we have therefore another big reason for a major
space effort, namely prudence. Some well-intentioned
but confused people have suggested that we should
slow down in our space program, that we should
gracefully accept second place to the Soviets. I cannot
agree with that for a moment, either gracefully or
gracelessly. Our National security alone would sug-
gest reason enough for us to strive to maintain leader-
ship in this space competition.
In examining the status of the space race, it should
be noted that those who were predicting a slow-down
in the Soviet space effort because of economic diffi-
culties in that country were wrong—just 100 percent
wrong. Not only have the Soviets stepped up their
effort during the past year and a half, but they have
accelerated even more than we have.
COMPARISON
In making a brief and meaningful comparison
between the two programs, the following few points
might be pertinent:
1. In number of Earth-orbiting payloads the
U.S. has launched almost 3 times as many as has
the U.S.S.R., although the 1965 rate is less than
two to one.
2. In the weight of such payloads, the U.S.S.R.
has put up almost three times as much as has the
U.S.
3. In propulsion, the Soviets have from the be-
ginning enjoyed an operational advantage over the
U.S. However, we are currently making great
strides in this regard and it is hoped that we will
keep moving up the propulsion ladder so as not tc
be overtaken again.
4. In manned space flight, the U.S.S.R. is ahead
of the U.S., not only in hours of flight but also in
multi-manned flight and extravehicular activity.
So far, the U.S. astronauts have completed 40 orbits
of the Earth, the Soviet cosmonauts have completed
342 such orbits. Moreover, as our Gemini sched-
ule proceeds and contributes continued progress,
we must look for much more activity on the part
of the Soviets.
5. In the application of space developments to
directly useful purposes, the U.S. is well ahead,
particularly in such fields as weather observations,
navigation, and communications. However, the
Soviets have potential capabilities of these types
and have already begun to show some actual ex-
perience in space communications.
6. In lunar and interplanetary activity, the U.S.
may have an edge with the spectacular success of
the Rangers and Mariners. We have developed
this advantage, even though the Soviets have made
a greater relative commitment in this regard, both
from the view of absolute numbers of launches
and also in regard to weight of payloads.
7. Based upon clear knowledge of our own
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program and upon assertions by the Soviets about
theirs, one can reasonably conclude that both coun-
tries have manned lunar landing projects under
way. It would be impossible to state definitely
who is ahead in this regard but I am hopeful that
we will turn out to be.
8. In the collection of scientific data from space,
both countries have made impressive strides, result-
ing in a possible advantage to the U.S. regarding
knowledge of space phenomena and the lunar sur-
face, and an advantage to the U.S.S.R. regarding
the effects of space environment on human beings.
9. Both countries are in a position to make
many observations from space, but both countries
have pledged not to orbit weapons of mass destruc-
tion and have stressed that their programs are
dedicated to peaceful uses. I can only speak for
this country in regard to our intent and do state
that we will maintain our defenses while pledging
not to use space for aggressive purposes.
In the comparison just outlined, as usual most gen-
eralizations are misleading. We are ahead in some
regards, and they are ahead in others; and the future
of the race depends so much upon how vigorously and
how continuously we apply our capabilities to master-
ing the space environment and perfecting our space
technology. There is one generalization, however,
which we should constantly keep before us, and that
is that we dare not be complacent even while pushing
our space program vigorously.
ENERGY FOR SPACE
As we all know, one of the most important keys
to space exploration is energy. If there is any area
about which we should not become complacent, it
is that of generating adequate power to accomplish
our future missions. Energy is needed both in pro-
pulsion for producing the necessary vehicle velocity
and in the auxiliary power for orientation, com-
munications, experimentation, and other related tasks
aboard the spacecraft.
We look with some satisfaction at our booster pro-
gram. New vehicles are being developed for the
larger payloads, while increasingly experienced and
reliable vehicles are handling the somewhat lesser
weights. In addition to the liquid technology, we can
be encouraged with the development in solid pro-
pulsion as well as in nuclear propulsion. In other
words, we have a formidable national launch ca-
pability both in use and under research and develop-
ment. However, we must not be satisfied with what
such programs promise and thereby waste the valuable
time which should now be devoted to further advance-
ment in research and development of these new
technologies.
FUTURE MISSIONS
I strefs the importance of energy conversion to
useful work as a key to future space adventures, be-
cause it truly opens the doors to manned exploration
and peaceful exploration of the universe far beyond
our atmosphere. We will want to journey to and
from th° planets in weeks and/or months, not years,
and on regular schedules any time in the year. Also,
in addition to establishing large bases on suitable
planets and logistically supporting them until they
can be sustained totally or in part by the natural re-
r.ources found on those planets, we will want to do
many other things, including regularly resupplying
and continuously orbiting the Earth with space sta-
tions. There are both scientific and military missions
for which space stations seem to me to be ideally
suited. Moreover, we will want to intercept and sam-
ple the resources of planetoids and maybe of comets;
we will certainly maintain a growing interest in the
search for extra-terrestrial life. All of these and
many more worthwhile proposed future projects re-
quire power, as the more power we have guaranteed
before the mission, the greater is the payload capabil-
ity, the safety margin for the crew, and the chance
of successfully completing the mission.
LONG-RANGE VIEW
It is, of course, necessary that many of us, particu-
larly those in Washington, look at our space program
with a somewhat short-range view, since we have
to deal with the annual budgetary process. While
I am optimistic about some things, my optimism does
not stretch itself to the extent of predicting a less
frequent budgetary exercise. Therefore, even though
it is necessary that attention he given to the short
run, I urge all who have the competence to look and
plan ahead to do so as often and as thoroughly as
possible.
WARNINGS
In conclusion, I would like to take this occasion
to express several warnings in regard to the space
program. Some of these repeat points already made,
but I believe that they merit emphasis.
1. Let us not underestimate the Soviet ca-
pabilities or potential.
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2. Let us not expect our space program to pro-
ceed indefinitely without some tragedy involving
our astronauts.
3. Let us not overlook the National security in-
surance flowing from our construction of space
competence.
4. Let us not become so blase about our space
accomplishments that we fail to thrill to the excite-
ment of new goals reached.
5. Let us not expect a steady or automatic flow
of increased benefits from our space program unless
we invest increasing resources and efforts in that
program.
SPACE EXPLORATION GOALS AND
FUTURE PROGRAMS
Chairman
Edward A. O'Neal, Jr.
Chairman of the Board
MONSANTO COMPANY
INTRODUCTION
Edward A. O'Neal, Jr.
I am delighted to welcome you to this second ses-
sion of the St. Louis Bicentennial Space Symposium
and Fifth National Conference on the Peaceful Uses
of Space.
The company for which I work, the Monsanto
Company, is engaged in the business of developing,
manufacturing, and selling useful arrangements of
atoms and molecules. This activity involves us in
some very interesting explorations of our own, of
course. But most of these are at the molecular level.
We have acquired quite a working knowledge of the
microcosm of inner space, but we do not have much
useful knowledge yet about the macrocosm of outer
space. I am sure that we will get there.
Come to think of it, though, that fits pretty well as
a general description of the state of the whole body
of science! We have been probing inner space for
centuries now, but our probing of outer space has
barely begun.
The goals and future programs of space explora-
tion are the subjects that will be discussed at this
session—by eminently qualified experts, I hasten to
add, not by me.
As chairman of this session, I believe that I am
responsible for at least providing a proper point of
departure for the discussions that will follow.
These discussions will be developing ideas on the
subject of where do we go from here. But I have
to admit that I did not quite know how to tell you
where "here" is, and "here" obviously has to be the
point of departure. So I undertook a quick investi-
gation of the subject, and this is what I found.
From the viewpoint of space exploration, ''here"
certainly is not this Khorassan Room. It is not even
this hotel or the city of St. Louis; indeed it is not
even the United States. "Here" means a planet—a
fair-to-middling-size one as planets go—which we
call the Earth. And we are hugging that planet for
dear life while it spins us at a speed of about 1000
miles an hour. This helps to explain why the days
are not long enough to finish all the things we start.
But there is more to this planet Earth that is
important as our point of departure for space ex-
ploration. It is only one of nine planets which form
a rather ordinary kind of solar system around an
average-sized star which we call the Sun. The Earth
is nestled up rather close to the Sun—only 93 million
miles from it. But the Sun's whole solar system is
about 7 billion miles in diameter. And it is whirling
our planet Earth around in a solar orbit at a speed
of about 1000 miles per second. That is why the
years fly by so fast.
But the Sun and its planets, including Earth, are
just one of an estimated 100 billion solar masses
within our Milky Way galaxy. I am told that our
particular Sun and its satellites are about 30 000
light years from the center of our galaxy—which
seems like a comfortably safe distance to me. But
I am also told that our galaxy is rotating and that,
in doing so, it is dragging our solar system around
at a speed of about 200 miles per second. (I trust,
in giving you these figures, that my speedometer is
registering properly.) Meanwhile, I understand that
there are an estimated 100 billion other galaxies
within the range of our present instruments.
Now, I realize that none of this is news to most
of you, but I do believe that the perspective is im-
portant. It certainly impresses me to think about
the almost infinite reaches of distance that constitute
outer space—and then to reflect upon the fact that
we are struggling mightily just to get a man on our
Moon which is only 235 000 miles away. Neverthe-
less, I agree we have to crawl before we can walk!
Earlier, our first speaker, Dr. Hendrik C. van de
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Hulst, gave an equation in which a space trip to
the planet Venus is to the center of our galaxy what
the height of a door step is to the distance to our
Moon.
Well, ladies and gentlemen, that is the doorstep
which we stand upon today. That is our point of
departure. The distance to be traversed is enough
to make one dizzy even if the speeds of revolutions
and rotations were not. But I, for one, am going to
hang on and enjoy the ride.
THE FUTURE OF SPACE RESEARCH
Hendrik C. van de Hulst
Professor
LEIDEN UNIVERSITY, THE NETHERLANDS
I feel extremely honored to have been invited as
the only speaker from abroad to address this dis-
tinguished audience on a subject which is difficult
because it is so difficult to predict the future. There
is always one way out and that is to talk about the
past, anyhow.
My natural inclination is towards science rather
than to technology. Therefore, I think, I would have
been more biased in my answer to the question posed
this morning to Dr. Dryden concerning the space
efforts of the United States and of Russia. I would
have said that in the fields I am interested in, as far
as my observation goes, the United States' effort
is well ahead of the Russian one in space science.
The annual reports on the progress of different na-
tions in the COSPAR meetings present a good
opportunity to compare. Last week we had this
meeting in Buenos Aires. The presentation by the
American Vice President of COSPAR on behalf of
the American scientific community was again a high-
light. And so was the Russian presentation, which
is usually looked forward to with a bit more curiosity.
In that respect, the progress in the continent from
which I come, Western Europe, is less exciting. We
have recently established the European Space Re-
search Organization (ESRO) which operates on a
budget about 2 percent of the NASA. But I am
not sure that we are yet as effective as NASA, so the
output at present may be even less than 2 percent.
The title originally mentioned in the correspon-
dence about this symposium was "Perspectives on
Spare Exploration." Though my profession is simply
that of an astronomy professor, this title appealed
to me. Astronomy, after all, deals with space, takes
account of perspectives and is exploration. But as-
tronomy is first of all the science of disproportions,
that is, with ratios between the quantities one wants
to measure and the units which one wishes to adopt.
It does not really matter what units one uses, al-
though I was a bit relieved that at least one of the
speakers this morning was as advanced as to use
metric ones. But without any units, that is, without
any scale of measurement, it would not be a science.
Too often in popular talks the fact is skipped over
that a ratio between 10 000 000 light years and
1 000 000 is exactly the same as that between one
dollar and a dime. Generally, these proportions are
what makes astronomy literally "out of this world."
They have no direct connection with experience and
cannot be intuitively felt or guessed like the ratio
of sizes of different animals or different plants. In
my recent reading in astronomical literature I came
across two numbers: the number 3548.1928906+
0.0000020 and the number 10 55". They both oc-
curred in scholarly papers but, of course, on different
parts of astronomy. Their common property is that
they cannot be grasped in any intuitive sense.
We have, indeed, gone a very far way from Kep-
pler's concept that the entire astronomical world
could be fitted into a pattern of geometrical figures
which one could draw in mid-air. The same necessity
to go outside our direct visualization shows up in
the terminology. In what science would one talk
about JIlrl d ivar f s, supergtants or about new objects
(novae) which are recurrent? Or in what science
would one still call a chance event which may occur
once in 11 000 000 years, like the transition of the
hydrogen atom at 1420 megacycles, a "spontaneous"
event? This is typical for astronomy and I do not
even talk about the dozens of variable constants.
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It is a familiar experience that, even in trying to
visualize astronomy by scaling down, one does not
get very far. For instance, if we take a scale factor
of a billion (109 ) , the Earth will become a cherry,
the Moon will become a pea at the distance slightly
over a foot, but the solar system does not fit anymore
in this room, and the nearest star, even at the scaled-
down distance, will not fit on the Earth, so we still
are not very much advanced in our visualization.
The e.cploration of this strange world has been
made possible by the penetrating thought of a number
of great scientists throughout the centuries and by
an ever increasing number of technical means which
they could put to their use. The newest of these
technical means definitely is rockets, satellites, big
boosters, space probes, and spaceships. It will be
LIP to the present generation of astronomers to harvest
the fruits which these new tools promise. Since it
is difficult to predict the future and to bring in some
perspective that way, I shall go back in the past and
by analogy, try to show you what kind of development
I expect will be possible in the coming decades.
Perhaps I may first go back a very long time ago.
When in 1609 Galilei heard about the construction
of a telescope, he asked what in modern terms would
be called his scientific attache in the Netherlands
for further information and obtained one for himself.
Immediately he made a very important discovery,
namely that the stars in the telescope still looked
as stars. This meant that the famous observer, Tycho,
had been wrong on one point and that the stars
were indeed much further away than Tycho had
thought, and this removed the main observational
obstacle which still seemed to remain against the sys-
tem of Copernicus. Thus, in the hands of someone
who was thoroughly acquainted with the existing
problems and arguments about the "world systems,"
one seemingly trivial observation that a star looked
like a point could be made into a crucial test.
This is an example of how science always works.
Space research is a new discipline with new pos-
sibilities and new problems. But it should never
be considered as a discipline in itself. It makes part
of the one large field of science, where certain well-
chosen observations, in connection with the old ques-
tions will bring up the answers and will pose new
questions.
It is tempting to talk some more of Galilei. "China
and America are celestial bodies." This is a quota-
tion directly from Galilei's work but, of course, it
is taken entirely out of context. It occurs in the
dialogues when the Copernican system is discussed
and where Simplicius holds the point of view that
everything in the sky is unalterable and everything
on Earth changes. Galilei makes the opponent
rightly say: "Well, you don't even know that that is
true of the distant countries of the world, for you have
never observed a change in countries like China and
America." He goes on to say in a perfectly modern
fashion that, while we have not observed any changes
on the Moon, he doubts if it has ever been observed
sufficiently accurately, and that perhaps "if some-
thing occurred on the Moon like a big shift of con-
tinents then we will observe only a slight difference
in the luminosity of certain parts." This is the ab-
^olutely modern approach of weighing precisely how
good the observations are. I think Galilei would have
been terribly excited if he could come back 401 years
after his birth and look at the beautiful sets of
photographs which we possess now, thanks to the
successful Ranger missions.
These points are relevant because, in the same
context, Galilei takes for granted, like almost every-
body up to the present generation, that all of these
faraway worlds are indeed inaccessible to observation
from nearby. One cannot go there and look. This is
not true anymore. I hesitate to use these words be-
cause I firmly believed myself, about 10 years ago,
that it would be impossible to go to the Moon. This
was not based on the same kind of argumentation
like the New York Times used in 1920 but it was
based simply on the hunch that it would be too
expensive (and I still wonder) . This does not alter
the situation that most of the celestiall objects are
inaccessible. Of course, there will be fringe objects.
As we all know, for instance, to go to Jupiter is
almost out of the question, although technically it
might still be feasible. To go close to the Sun is
similarly difficult. This defines the range of what
might be called the accessible region. I think I am
safe in saying that the stellar worlds, the galaxy, and
the stars are indeed inaccessible, although some peo-
p!e argue differently.
This point may be illustrated by a close examina-
tion of photographs of the same object. In succes-
sion we may look at:
(a) A photograph made with the small Schmidt
camera employed at Yerkes Observatory a number
of years ago. This presents a good survey of
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nebulosities and other features of the Milky Way
over a field of about 13°.
(b) A plate of the sky atlas made with the large
48-inch Schmidt camera at Mount Palomar, show-
ing a smaller field of 6° but very much fine
detail, including dark clouds with fine luminous
edges in many of those nebulae.
(c) A photograph with the 200-inch telescope
just resolving the distribution of luminosity across
such a bright edge, thus permitting at least some
kind of a check on our theories regarding the
processes in cosmic gas dynamics which give rise
to these edges.
The main point in this illustration is that every
increase in resolution gives new clues. We should
like to extend this series, but have reached a severe
limit. Building much bigger telescopes on Earth
seems to be virtually impossible. Sending telescopes
into space closer to the object is entirely impossible
be=ause such objects are about a thousand light years
away. Even if we would travel to the Moon—while
we would be a bit closer—that would be doing just
the same thing as trying to stand on a chair in order
to be closer to the Moon. It just is that far out of
reach. There is ample consolation in the fact that
space research does give a gain in the spectral range.
I shall come to that later.
Let me first go to the solar system for awhile. That
is, stay in the accessible places. It is not saying
too much that the knowledge of our solar system
has already been revolutionized by the space research
results of the past 7 years. To make you realize what
that means, let me recall the zodiacal light. This
can be observed without any instrumental means and
shows that dust floats around the ecliptic in our
solar system. This, for many centuries, was abso-
lutely the only direct way in which we could ob-
serve that there was something between the planets.
I had the pleasure to write some 10 years ago a re-
view paper on this matter with over a hundred
references. That review paper 5 years later was
entirely out of date and could just be thrown away,
because of space research.
A second observation which tells us something
about interplanetary matter is the observation of
comet tails. Of course, comets are not always pres-
ent, but when they appear and when they happen to
have nice tails then the shape of the tails and the
change in shape of these tails tells us something
about the interplanetary gas streaming by. This is
now called the solar wind. In this way two fields,
initially wide apart, have been linked: the zodical
light and the solar corona, the motions near the Earth
and the motions in the solar atmosphere. It is this
bringing together of two rather different things ob-
served by quite different observing techniques which
is one of the most fruitful ways in which astronomy
has advanced and can advance. This intermediate
region, the solar wind, has now become a subject in
its own right. New details are studied with every
new space probe, including magnetic fields, velocity
vectors, and particle content.
Other accessible places are, of course, the Moon and
some planets. The study of the Moon has also been
revolutionized by the space observations. We have
heard that abundantly. For the planets the present
situation is a bit more questionable. Of course, the
results obtained by space missions to the planets so
far are fine technical achievements of good scientific
quality. But they are not so entirely unequaled as
are the lunar observations. I remember the presenta-
tion, at the COSPAR meeting in Warsaw, of the
first results of the Mariner 2 mission to Venus. It
turned out that the radio observations then presented
were just about equal in quality to what could be
done with the best radio telescope available at that
frequency, namely, the Poulkowo telescope. And the
infrared observations were just about matched by
what could be done and actually was done at Mount
Palomar. But this, I must strictly say, is exactly like
a boy who sees somebody off at the station and runs
along with the train shouting, "See how I keep up."
He will not keep up very long, provided the train
actually continues and departs. In the same way
the study of the planets will go far beyond everything
we can do from the Earth. I am personally looking
forward to all of the exciting news it will bring.
From here on let me make a big jump to the galaxy
and the universe, where are the largest and perhaps
most exciting problems which still challenge the
astronomers. One of these problems definitely is .the
evolution of stars and galaxies. The keynote of all
astronomical research in the past three decades, at
least, has been evolution. The stars in our stellar
system and in other galaxies are now sorted into
young and old with various stages in between. In
many cases we can trace paths in evolution and in
some other cases we still wonder. It is certain that
many of the stars must have been formed relatively
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recently from gaseous material which is present in
space between the stars.
One very important subject to be studied is,
therefore, the physical status of the matter between
the stars. In some ways this subject can be studied
and has been studied for about 50 years. Spectra
of bright stars display occasional very narrow ab-
sorption lines due to ionized calcium and some other
atoms and ions and also to some free radicals of
carbon and hydrogen. It has been possible to study
perhaps 100-200 stars in this way. The lines are
often split. The different components are shifted
by Doppler effect, arising from the fact that the line
of sight passes through different clouds having dif-
ferent velocities with respect to us. So we know a
fair deal about the motions of these clouds. But in
fact we see very little—only a few lines caused by
some impurities in the gas, which happen to have
lines which are in the accessible region of the
spectrum.
Hydrogen is by far the predominant element in
space. The hydrogen atom was kind enough to us
to present a line which does not need equipment in
space because it happens to be emitted at 21 centi-
meters, which is in the region of wavelengths which
penetrate the Earth's atmosphere very nicely. This
has been put to wide use, but it still is only the hy-
drogen atom. What about the hydrogen molecule?
There the situation is worse. It has a few rather
weak lines in the far infrared which require at least
balloon observations and it must have some more
prominent lines, about 1100 angstroms, in the far
ultraviolet which can be observed only frorn high-
flown rockets or from satellites.
We are looking forward to the next few years
hoping that it xill be possible to observe first one
star, and later (we hope) hundreds of stars to see
how these molecular hydrogen lines are distributed.
In the same way, of course, we look forward to
seeing the lines of dozens of other elements which
all have their most important spectral lines in the
so far inaccessible ultraviolet region. Such obser-
vations require accurate pointing and command from
the Earth. This is a lot of work; perhaps the orbiting
astronomical observatory or perhaps a stabilized rocket
will give the first useful results. In Europe we have
also put equipment of this type as one of our main
objectives.
Galactic research offers other, even more exciting
topics. Probably, the object beyond the solar system
that is the subject of the largest number of single
papers in astronomy in the past decade has been the
Crab Nebula. It was number 1 on the list which
Messier made in 1780 when he listed nebulae for
the use of comet observers so they would not be
both-red by these useless things. This remnant of
a supernova explosion is named the Crab Nebula
because of its web of red filaments. What has lately
more intrigued us is the white light inside, which
has a perfect continuous spectrum.
The study of this white light is a perfect example
of how different fields come together in astronomy.
About ten years ago the Russian astronomer, Shklov-
sky, suggested on the basis of the radio spectrum of
this object that its light might arise from the synchro-
tron mechanism, that is from relativistic electrons—
let us call them cosmic ray electrons—moving in a
large magnetic field. If this hypothesis were cor-
rect, the one crucial test would be to see if this
white light shows polarization. This was indeed
observed first in Russia, then at our own observatory,
and then with much greater detail within the same
year by Baade at Mount Palomar. Many areas of
the nebula were nearly 100 percent polarized. This
has led to mapping of the magnetic field in this
object and to further speculation about its origin.
The graphical representation of such data from
different fields linked together must be done on log-
log plots covering many factors of 10. The most
exciting plots are always on such large scales. The
spectrum of the Crab Nebula, which I just described,
went from 20 to 25 in the logarithm of the intensity
and over a factor of 9 in the logarithm of the fre-
quency. At one end were the radiofrequencies, and
at the other end, beyond the visual light, was a
point derived for the ultraviolet on the basis of the
intensity of the red filaments. Since that time, the
frequency scale has been extended by 3 more factors
of 10. Space research now provides data also on
the X-ray spectrum, and perhaps in the future on
the gamma ray spectrum. This enormous range in
frequency must be made the subject of ingenious
measurements and then of a joint analysis. A pre-
vious paper discussed the beautifully conceived and
performed experiment by Friedman where he shot
Lip a rocket just during the occultation of the Crab
Nebula by the Moon, in order to get a measurement
of its angular size in the X-ray region.
The situation on the X-ray sources at present re-
sembles rather closely the situation on the radio
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sources as it was 15 years ago. The papers presented
at the COSPAR meetings in Buenos Aires showed
these analogies strikingly. First of all there are so
far only two positive identifications of X-ray sources
with optical objects, namely the Sun and the Crab
Nebula. The same was true for radio sources at that
time. Secondly, there is a frantic effort to get better
positions because better positions will enable the
optical observers to make a more accurate search of a
small region with bigger equipment. In getting at
this accurate position it is not yet possible to pin-
point but receivers actually scan with parallel lines
of maximum sensitivity like the pattern of an inter-
ferometer in radio astronomy. Although the results
are accurate the exact line cannot be identified. The
same situation prevails at this moment for some
X-ray sources.
Further, the absolute calibration is a big question.
It was so for the radio sources, and is at present so
for the X-ray sources. The absolute calibration of
the intensity is very essential to go down to the ac-
tual theoretical explanation. Very much depends on
knowing the exact slope, or on distinguishing between
an abrupt knee or a gradual bend. The common
experience is that the change in slope occurs in the
middle of the graph paper. It is necessary to get
really accurate measurements before one can advance
beyond this stage. In X-ray astronomy we have
hardly started with absolute calibration.
A further analogy is the dilemma between the
different philosophies of going at it the big or the
little way. Some people say, "Let's shoot more sound-
ing rockets," and others say, "Let us carefully plan
the really big instrument which will definitely settle
such and such points." I think both should be done.
Then, of course, there are people quietly working
away without saying much in the hope to get new
and better technique, like observing the polarization,
or getting more sensitive detectors. Again, this is
in strict analogy with radio astronomy of 15 years
ago.
I wish I could be absolutely safe in saying that
a final analogy is that 15 years of further work suf-
fice to give an enormous advancement. It is absolutely
beyond expectation how much has now come out
of these strange radio astronomy sources. I hope
15 years from now we can say the same thing about
X-ray astronomy, but this is unpredictable.
With gamma ray astronomy we are in a slightly
less favorable position. It is more difficult, and so
far not much that is absolutely certain has been
detected. But again, here is an open field which
will give exciting results sooner or later.
Present-day astronomy shows an accumulation of
surprises. There is no room for a complacent at-
titude that we know the main lines and still have
to fill in details. Various types of completely puz-
zling objects have been discovered, like galaxies
with exploding nuclei and quasi-stellar radio sources.
Although ground-based optical astronomy still ranks
first in importance for a detailed study of structure
or spectrum, many of these new discoveries are a
result of combined radio and optical measurements.
This very close cooperation will in the future have
to be extended to space projects. The general im-
pression is that we may still underestimate the weird-
ness of these objects and the violence of the processes
going on on such a large scale in some galaxies.
In many nuclei of large galactic systems violent ex-
plosions seem to occur at a scale which has output
in ergs which indeed can be best written as 1055
It is very difficult to guess where this energy comes
from. Again the widest possible spread in observed
frequencies gives the best basis for an explanation.
Certainly, to go all the way to X-rays and gamma
rays on these objects will help, because it is clear
whatever happens is something of a highly energetic
nature.
Since I am the only speaker from abroad, the
Chairman has given me permission to state a few
more words about the international cooperation.
Astronomy has always been a truly international
science. But never before the present age of space
research has this been demonstrated so vividly. There
are vast amounts of scientific and technical data which
have to be sent from one part of the world to the
other. Some have to be transmitted almost in real
time. This has been followed immediately by com-
munication between parts of the Earth via space
vehicles, a fruit from linking the world together.
Scientists and engineers and administrators in many
countries in the world, almost all countries of the
world, get a real satisfaction in participating in these
programs, pure or applied. Almost without excep-
tion they also take a real pride in their own share,
even though it may be a small part in tracking or
recording some telemetry. So this world-wide co-
operation is not only a matter of technical potentiali-
ties or of system engineering, but first of all it is a
matter of human relations.
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I hope you will realize, as I have come to realize
at many international meetings, that this cooperation
must occur in a world in which there are by no means
uniform standards. In a world in which there are
differences in temperament, in natural resources,
wealth, and in the ideals for life. In the majority
of these countries in the world it is not obvious
that a meeting will start on time and it is not ob-
vious that there will be a Xerox machine at hand
to copy a number of documents or even a typewriter
to copy them. In this same world, St. Louis is known,
not for McDonnell Aircraft or Washington University
but for the "St. Louis Blues."
In a poor community, a rich man is naturally
envied and is sometimes made the subject of sus-
picion. The United States is somewhat in that posi-
tion among the countries of the world. This requires
not just normal but more than normal diplomacy of
all the people involved in these international relations.
I should like to take this opportunity to state, first
of all as a representative of the European countries,
how extremely grateful I am for the generous op-
portunities offered to us by the Americans to put
scientific instruments in American rockets or satel-
lites and to cooperate in many other ways. For in-
stance, the little publicized matter of the satellites
which transmit at real time is very important in
making people in some countries enthusiastic about
doing real space research, receiving, and decoding
these telemetry signals. And, secondly, I should like
to state that I personally admire the way in which
the NASA Office of International Relations has gen-
erally, within the field of my observations, handled
these international relations with more or less ad-
vanced countries in a diplomatic, efficient and patient
manner.
In your own display in the hall, Saturn 5 is com-
pared with the Statue of Liberty. I have used a
similar slide in which it is compared with the
Martinitoren in Groningen, which is the second high-
est church tower in the Netherlands. It is in good
Gothic style, with also about five or six stages, but
not planned to be launched. It is very interesting
to watch the reactions of different people in different
countries, and with different backgrounds in culture,
to this slide. Some say, "It cannot be true," and
some say, "It is nice; this is progress. I must say
I admire the courage of the people who have indeed
started on this enormous project.
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Most people think of the Space Age as having be-
gun on that evening of the 4th of October 1957,
when Sputnik I went up. I do not think I shall ever
forget that evening. I had come home from work
about 6 o'clock and my wife was preparing dinner
when a telephone call came, with news that the
Russians had launched a satellite and that it was due
to come over Boulder in a few hours, transmitting
on a frequency of 20 megacycles per second.
Most of us are impressed, as I am, by the fantastic
progress that has occurred since. George Mueller
pointed out, in his talk, the fantastic rate of change
and development of the Space Age. But the Space
Age is something more than an age of satellites; it
is an age of science and technology. It is the revolu-
tion that Julian Huxley has spoken of.
Philosophy has become as important as ever it was
in the Golden Age of Greece, as important as ever
in the time of Pericles. Now, as never before, we
must be concerned with what the "good life" is, and
what constitutes the "good society." This Nation, of
course, has always been vitally concerned, from its
very foundations, with science and with the applica-
tion of science to human welfare. Benjamin Franklin,
for example, at just about the time of the founding of
St. Louis, made a quotation that I think is very sig-
nificant to our concern today. He said, "The first
drudgery for the settling of new colonies which con-
fines the attention of people to mere necessaries is
now pretty well over, and there are many in every
province in circumstances that set them at ease and
afford leisure to cultivate the finer arts and improve
the common stock of knowledge." Then he went on
to exhort his fellow citizens through scientific activi-
ties to increase "our power over matter and to multi-
ply the conveniences or pleasures of life."
I like also to recall, especially when we become
concerned about hunting for funds to support our
research activities, that in 1769, just before the transit
of Venus across the face of the Sun, The Pennsylvania
General Assembly voted 450 pounds for expeditions
to observe that astronomical event. Also, I think of
what William Smith said to the Philadelphia Assem-
bly in the year 1773, referring to the observation of
the transit of Venus, "It hath done a credit to our
country which would have been cheaply purchased
for 20 times the sum." I have heard that language
used in more recent cases, too.
The Space Age revolution, the most important fact
of life today, is here. It promises food and shelter to
the people of all of the Earth, the fruits of medical
progress, education for all, and the freedom to enjoy
the relief from the drudgery that has been in the past
associated with the difficulty of eking out a living on
this planet.
Enormous new computers can now be built; and
far from making us mere numbers in a system, they
offer the humanization of all mankind. I think that
Ben Franklin would have understood this. So would
David Hume, with his concept in revolutionary times
of the science of man, and his faith that we could
govern ourselves rationally and with justice.
To me, some of the most exciting opportunities of
the Space Age are contained in the over-all oppor-
tunity to understand the atmosphere, to understand
the cause of weather change, to forecast the progress
of storms, and, possibly, if indeed it proves to be in
the cards, to control some of the disasters produced
40
ATMOSPHERIC SCIENCES FOR THE SPACE AGE
	 41
by great tropical storms or by persistent droughts.
Many are sharing in the efforts to make attacks on
these goals, to realize these opportunities—in the
work of NASA that you have heard about at this
conference, at the Weather Bureau, the Central Radio
Propagation Laboratory of the National Bureau of
Standards, and especially in the universities, in efforts
coordinated, planned, and carried out through the
National Science Foundation, with the National Acad-
emy of Sciences participating in setting up and revis-
ing goals and objectives. This is a unique way, devised
in America, to make progress through a diversity of
mechanisms.
One of the most challenging ideas to spring from
the potentiality of the Space Age is the possibility of
understanding the circulation of the global atmos-
phere. 1 commend to you a concept of this now
being developed by Jule Charney of the Massachu-
setts Institute of Technology and his colleagues on
a panel of the National Academy of Sciences. Their
report, which will soon appear, deals with the po-
tentialities of a global weather-observing system,
combining tools of the Space Age to give us an enor-
mous and exciting opportunity, in which many, many
nations will cooperate, to observe the Earth's weather
completely enough to open up revolutionary possibili-
ties of weather forecasting and opportunities to per-
form experiments in large-scale weather modification.
Let us consider, for example, some of the spec-
tacular changes in climate that have occurred in times
past. One of the most striking of these was the
drastic reversal of northern European climate that
occurred around 550 BC, a time when the growing
season in Northern Europe, in a period of 3 years or
less, decreased by perhaps as much as 15 days. This
change, causing a very great hardship in Northern
Europe and a change of storm patterns in the Medi-
terranean, was of very spectacular proportions and
occurred abruptly. Northern Europe emerged from
it only gradually over a substantial portion of a mil-
lennium. (This is the change, by the way, that is
probably responsible for the legend of the Twilight
of the Gods and of the Three Summers that Never
Came.)
Another striking climatic change occurred in the
late Middle Ages and the Renaissance. One can see
it by contrasting the climates of the 11th and the
16th centuries. The key single change of climate may
have been the one that occurred in the wind circula-
tion of Northern Europe just about the time of the
birth of Shakespeare, around 1562, causing an abrupt
worsening of the climate in the 16th century. More
recently, we can point to the rise in temperature in the
northeastern portion of the United States—approxi-
mately 3o F. in the average winter temperatures be-
tween 1900 and 1950 and to the very substantial
drought that I am going to find evidence of this
evening in New York when I try to take a bath and
read the sign that sits at the foot of the bathtub about
conserving water.
It is not hard to find ,
 evidences, for example, of
the spectacular impact of climate on political affairs.
Mr. Khrushchev, for example, was quite aware of this
after two severe wheat crop failures of recent years.
I have often speculated whether this had something
to do with the serious straits of the collective farms
which, in turn, may have had something to do with
the change of leadership in the U.S.S.R.
Nor is it difficult to appreciate the impact of
climatic change on industry—the oil industry, for
example. People say that it is now impossible to
forecast the climate—for example, the temperature of
the coming winter—and I think this is true. Never-
theless, the oil industry makes a fantastically big risk
forecast, every fall, when it determines how much
fuel oil to make for the winter; if it has over-
produced, the fuel oil must be re-refined to gasoline
in the spring. Storage space is too expensive to allow
the oil to be carried over to the following winter. In
short, we are now at a level of technological develop-
ment where we cannot avoid decisions based on cli-
matic forecasts.
The present state of science and technology also
makes it possible to consider the integrity of the
global atmospheric system as a whole. We can now
consider making observations on a global scale, and
to make calculations in a large computer—perhaps
100 to 1000 times the capacity and speed of an
IBM 7094, for example—to make forecasts on a time
scale of perhaps 2 weeks with the kind of accuracy
that is now possible with a time scale of two to three
days. But as Charney has pointed out, because of the
global interactions and because of the nonlinearity of
the interactions of this system (that is, you cannot
separate the different cause-effect relationships), we
must look at the system as an integrated whole. If
we can have an observing system that will give us the
three velocity vectors of the wind, two in the hori-
zontal and one in the vertical; temperature distribu-
tion; and moisture content at several levels in the
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atmosphere on a global scale on a grid of about
500 kilometers, and with sufficient time resolution,
we can do this. The result, Charney then believes,
will be the ability to make 2 -week, and perhaps even
3-week forecasts of the day-to-day progress of storm
systems. In addition, we may be able to predict cer-
tain statistics of weather—such as the average rainfall
over an area or the average temperature over an area—
as much as 3 months in advance.
What kind of observing system might supply the
fundamental observational data which, coupled with
a large computer and the development of an adequate
numerical model, might give us this opportunity? The
Charney report suggests a system consisting first of
two satellites, one in a polar orbit and one in an
equatorial orbit, each having data-recording capabili-
ties and sensing devices to produce an infrared map
of the outgoing radiation from the Earth to space, as
well as the capability of interrogating a global system
of weather sensors which I shall now describe.
The second element in this system is a series of
free-floating balloons—present calculations suggest
6000 to 10 000 of them—distributed around the
entire globe of the Earth. It looks as if the present
state of technology gives such balloons a realistic life
expectancy of at least a 6-month period. (One of the
members of my own research staff will begin in Sep-
tember to fly 100 of these new type balloons in the
Southern Hemisphere, to obtain actual data of atmos-
pheric circulations there in a pilot feasibility test of
the operational balloon.)
These balloons are constant-density balloons made
of a rigid plastic. When they have risen to the level
at which they are expected to fly, the balloon has
achieved its spherical shape, and the helium inside
can expand no further. At this point, the density of
the balloon, including its transmitter, is equal to the
density of the displaced air, and thereafter it flies at
that altitude, unaffected by the changes in the tem-
perature of the gas in the balloon as a result of the
sunlight or the darkness through which it is flying.
These 6000 to 10 000 balloons, all free-floating,
are interrogated by the satellites. Each balloon then
transmits to the satellite the code name of the balloon,
its position, the time of interrogation, and certain
observations, most likely internal pressure of the
balloon, so we know its height and the temperature
and humidity of the environment in which the balloon
is floating. When the same balloon is next interro-
gated and its position again derived, we can determine
from that observation the integrated velocity of the
air parcel in which the balloon was embedded over
the time between the first and second observations.
Other components of the global observing system
are ocean buoys, transmitting the temperatures of the
ocean surface and of the air just above it, and a
system of fixed, unmanned stations, distributed around
the world in areas where access is difficult.
Finally, there is the data capability of the satellite
to record the data from this vast network of stations,
and to read them all out to a few giant, ground-based
computers capable of accepting them and making
weather forecasts from them.
It is now hoped that a feasibility experiment of
this system with a large number of balloons—several
thousand—and with one or two satellites, can be
conducted within 5 years or so. If the feasibility
experiment turns out well, later it might serve as
the basis of an operational system of world observa-
tions which, supplemented by the conventional means
of observing, will give us a tenfold increase in world
weather surveillance. Add the concept of the exami-
nation of the global atmospheric system as a whole,
and we may then have a cooperative world weather
observing and predicting system, with at least three
central stations to do the readout and the forecasting,
one in the Soviet Union, one in the United States, and
one in the Southern Hemisphere.
I firmly believe that this will come about; I see no
economically feasible alternative for observing the
world's weather adequately to make these forecasts.
If it does, the computer, together with mathematical
models of the atmosphere, will become great tools for
further research, too. The computer becomes the
analogy of the 200-inch telescope or of the giant
a-celerator, for the atmospheric sciences. Its role
would be, hopefully, to let us conduct experiments
in large-scale weather modification. We may then
examine the influence of changing various factors in
the atmosphere and finding out what the consequences
of these changes are. The odds are that it is beyond
man's prospect or possibility ever to modify the large-
scale circulation of the atmosphere. But there is also
the bare possibility that the climate changes of the
past have been triggered off by minor forces capable
of being released by man's intervention in the atmos-
phere.
If so, it is very important for us to understand
these by studying their action in a mathematical model
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before we attempt to bring about changes in the real
atmosphere.
There is a potential catch, however. It is not certain
that if we modify the atmosphere in one direction
and initiate a chain of events leading towards a
climatic change, we can then easily reverse the trend.
It is also a fact of life today that man is, indeed,
governed by his very everyday operations—at least
on a scale that makes it only prudent to investigate
quantitatively by experiments of this kind. When we
build great cities, like the megalopolis that stretches
from New York to south of Washington; when we
put a tremendous concentration of dust and smog
into the atmosphere, modifying the radiative balance;
when we pave larger and larger portions of our coun-
try and change the albedo, or reflectivity, of the Earth ;
when we fly jet airplanes that eject materials into the
atmosphere which on many occasions increase the
cirrus coverage or trigger off the more prompt occur-
rence of cirrus clouds (in turn altering the radiative
loss from the Earth out to space)—in each of these
cases we are altering the atmosphere, and we are far
from understanding the full implications of these
events, some of which may have irreversible effects.
If we do soon get into supersonic air transport,
where large amounts of water are injected into the
atmosphere, it is con;eivable, as Dr. Verner E. Suomi
has recently suggested, that these bands of ice clouds
behind the airplanes will not dissipate between flights,
but instead we will have permanent bands of cirrus
along certain of the major routes of aircraft. It is
important for us to be able to ascertain whether the
resulting change in the radiative balance of the
atmosphere will be sufficient to have some effect on
other atmospheric processes. At the present time, one
can only speculate that no change will occur, but it
would be so much better to know! That will be
certainly one of the objectives of the operation of the
global weather system as a laboratory of atmospheric
experimentation.
If the weather changes in one place, either through
natural cause or through human intervention, it will
probably change to some extent in all places. If a
great storm system develops as one did in December
1962, out of a small low-pressure area over the Gulf
of Alaska, and when it reaches the Central United
States it suddenly deepens as that particular system
did, it can alleviate a drought in the Great Plains,
bringing snow and valuable moisture to the central
part of the country. But it can also continue to
amplify, as that particular system did, and make
the temperature in Orlando, Florida, fall from 51 to
28° F. and, in so doing, wipe out a substantial part
of the Florida citrus crop. I do not mean to suggest
necessarily that man will be able deliberately to trigger
off such a chain of events as this, but it is important
for us to know for sure what the full effect might be.
The following figures illustrate some of the points
I have tried to make. Since I am an astronomer and
here among my colleagues, I have to show an astro-
nomical picture as the first (fig. 1). This is the
Sun's corona, the outer atmosphere of the Sun in
which the Earth is embedded. Some of us suspect
that materials ejected from the Sun streaming out
into space producing the solar wind have influences
lower down in the Earth's atmosphere, and may even
possibly, on some rare occasion, have significant alter-
ing influences on the circulation of jet streams and
the like.
The next figure (fig. 2) also reveals some senti-
mentality for my old profession. This is the giant
prominence of the 4th of June 1946, a huge hydrogen
gas cloud. Some 500000 kilometers in length and
some 200 000 kilometers in height, it is the largest
ejection that has ever been observed in this cross-
section area of prominence gas shooting out from the
Sun. I took that picture myself, and I get a thrill
every time I think about it today. We had a new
observer on duty that day—Jack Evans, who now
directs the Sacramento Peak Observatory. He was
starting to take pictures. He came to me and said,
"What do you do when the prominence gets so big
FIGURE, t.—corona of the Sun.
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FIGURE 2.—Hydrogen gas cloud ejected by Sun, June 4,
1946.
it goes out of the screen?" I said, "Forget it, it never
happens." He said, "Well, you just better look
inside the telescope." I looked in and saw that. I
nearly fainted. Nothing nearly so big had been seen
before, and nothing so large has been seen since.
One of the consequences of solar-ejected corpuscles
streaming into the Earth's atmosphere is the aurora
borealis. Figure 3 is a graph that shows my reason
for stating that perhaps auroras and their solar cor-
puscles do influence weather, which, of course, occurs
far lower in the atmosphere. This is a graph of the
persistence of weather patterns in North America
preceding and following brilliant displays of the
aurora borealis and a few magnetic disturbances. In
the few days following the zero day—the day of
occurrence of aurora or magnetic storm—there is first
a rise of persistence, until it passes the 1 percent level
of significance at the top of the curve, and then a
drop in the succeeding 14 days to a minimum well
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FIGURE 3. Persistence of weather patterns in North America
preceding and following aurora borealis displays and mag-
netic disturbances.
below the 1 percent line in persistence. This suggests
that the trend of the persistence of barometric pres-
sures at the surface of the Earth is not necessarily
random following occurrence of a solar-induced event
like the aurora.
Figure 4 shows a jet stream pattern that brings very
cold air far south into Florida, similar to the 1962
situation I described before, when a killing frost
occurred. These sudden amplifications in the wave
pattern of the jet stream are, of course, related to the
hydrodynamics of the atmosphere, but why a sudden
amplification occurs in some cases and not in others
is not fully understood. However, through experi-
ments of the kind that I have described, using data
from the global weather system, we are confident we
can uncover the reason.
Figure 5 shows long-term influences in the atmos-
phere which suggest that there may be causes yet to
be uncovered that make possible, or potentially pos-
sible, long-range forecasting. Balboa, Kwajalein, and
Canton Island are some equatorial stations; the east-
erly or westerly strength of the winds in the stratos-
pheric level above these stations is plotted. The time
scale indicates that these are oscillating rather regu-
larly, with a period of approximately two years, or
more accurately about 26 months, suggesting long-
term interactions perhaps between ocean surfaces and
wind systems that are yet not explained.
Figure 6 shows another very spectacular and unex-
plained phenomenon, the frequency distribution of
peak rainfall in various phases of the Moon. This
correlation was worked by Bradley, Woodbury, and
Brier in 1962 and has been subsequently even more
firmly substantiated. Shortly after the new Moon and
the full Moon at most stations in North America (a
very large observational sample was used) , there is
an increase in the probability of occurrence of peak
rainfall, with minima in the interim between new and
full Moon. When the tide-producing force of the
Sun and the Moon are at a maximum, and on the
days following that, there is a probability of increased
rainfall, for reasons unknown.
Figure 7 is a circulation pattern of the 11th cen-
tury, deduced as best we can from historical records,
showing that there was one storm belt with a mean
path far down into the Mediterranean region, and
another storm belt going well north of England and
Scandinavia, producing a period of warm equable
climate in Europe—in fact, very nearly a climatic
optimum in recent centuries.
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FIGURE 4. Jet stream pattern of Arctic air moving into Florida, as in 1962.
Figure 8 shows what happened about the time of
the birth of Shakespeare. This is the half-century
from 1550 to 1600, and you can see a very much
different pattern of average storm tracks, with Hol-
land sort of getting it in the neck.
Figure 9, shows the giant tropical storm Tillie
photographed from a Nimbus observational system.
This is the kind of large-scale observations that we
can now take—just a hint of what is in the future
with the kind of system I have described.
Figure 10 is a plot of the distribution of global
Lipper air observation stations today. The observing
points are poorly distributed over the Earth with
sparse distribution in the Southern Hemisphere and
great concentrations only in Europe, the Soviet Union,
China, United States, and Canada. The Southern
Hemisphere is almost untouched. Such a pattern
represents only 10 percent of the global coverage
required to produce the forecasts and carry out the
computer experiments mentioned.
Figure 11 is a prototype of the superpressure bal-
loon that is to be flown this summer; table I gives
the specifications. Since time is short I will not go
into detail, except to say that the balloon will be
anywhere from 5 to 35 feet in diameter and that
it will float at an altitude in the atmosphere from
700 millibars, about 18 000 feet, on up to about
10 millibars, or 100000 feet, and will transmit infor-
mation continuously on 15 megacycles which could
be monitored up to a range of 4000 miles by radio
amateurs who can track the position of the balloon
and give us the weather observations that are being
transmitted in this passive system.
Figure 12 is the photograph of one of the balloons.
Its surface is very hard when it is inflated to full
pressure. If it is struck by an aircraft, it simply
shatters instantly.
Figure 13 is a photograph of the transmitter. This
transmitter could be injected into the intake of the
jet airplane without damage to the plane; moreover,
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FIGURE 6—Frequency distribution (1900-1949) of peak rainfall related to various phases of the Moon.
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FIGURE 8. Probable circulation pattern of winters from 1550 to 1600.
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FIGURE 9.—Tropical storm Tillie near Baja California, photographed from a Nimbus observational system.
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the probability of one of these ever hitting a jet
airplane is practically trivial. We suspect that this
will have a maximum threat less than 1 "sparrow
power." We have, however, under development an-
other one which is printed like this one but which
has about a 1 "bumblebee power" threat.
Table I.—Specifications for Gbost Balloon System
Balloon specifications for 300-g load
Pressure
altitude,
mb
Balloon
diameter,
ft
Balloon
mass,
g
700 5 970
500 5 775
300 6 950
200 7 820
100 8 820
30 13 1080
10 34 7460
Electronic Specifications
Power: solar cell panel
System weight: 140 g
Frequency of operation: 15.025 me
Transmitted power: 1.5 watts at noon
Telemetry range: 4000 miles (skip propagation)
Method of telemetry:
CW transmission
Morse code letter identifies parameter being mea-
sured and balloon platform
Code rate identifies parameter value
Typical parameters measured:
Sun angle
Air temperature
Balloon gas temperature
Air pressure
Balloon over-pressure
Humidity
Method of tracking balloon: measuring Sun angle
as a function of time of day
L
FIGURE 11.—Ghost balloon system.
Figure 14 is a picture of the solar cells from the
top. The instrument operates in daylight and will
transmit observations continuously. We will be flying
100 of these starting in September.
3
f ,^
FIGURE 12.—A superpressure balloon.
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FIGURE 13.—Transmitter.
FIGURE 14.—Solar cells.
SCIENTIFIC EXPLORATION OF THE
MOON AND PLANETS
Gordon J. F. MacDonald
Professor, Institute of Geophysics
and Planetary Physics
UNIVERSITY OF CALIFORNIA, LOS ANGELES
The comparative study of the planets doubtless will
provide critical data for the understanding of the
subtle biochemical processes which have led to the
present life forms.
The origin of the solar system and the course of
its history must be included among the great problems
of natural philosophy, comparable in general interest
to questions regarding the origin of life and the
development of man. Indeed the study of the origin
of life and the development of man cannot be sepa-
rated from cosmological considerations. An under-
standing of the history of the Sun, the Earth and the
other planets is required in order to fix both the
conditions requisite for the development of primitive
life, and the changing conditions which stimulated
the evolution of those forms of life now present.
A number of developments in the past few years
have produced increased interest in the nature and
origin of the solar system. A multitude of new studies
as well as the revival of older theories demonstrate
the renewed concern with cosmology. In the 19th
and 20th centuries the investigation of the solar sys-
tem utilized the concepts and method of celestial
mechanics. In the past few years the application of
radar methods has permitted the determination of
orbital characteristics of certain members of the solar
system with a new degree of precision, and thus
several questions considered closed 50 years ago are
reopened.
The advent of artificial satellites has further height-
ened interest in dynamical astronomy. The orbital
parameters of the planets and their satellites depend
in part on the distribution of mass within these
bodies. Observation of artificial satellites leads to a
determination of the moments of the mass distribu-
tion. The study of many earth satellites has provided
a detailed description of the terrestrial gravitational
field. Shortly we can expect that lunar orbiters will
yield comparable data about the Moon, whose internal
constitution is at present only a matter for speculation.
In the more distant future, orbiters will provide us
with data on the interiors of Mars, Venus, and
Mercury.
The chemical development of the solar system was
first emphasized by Harold Urey 15 years ago. Dur-
ing the intervening time this chemistry has been
studied in many investigations of meteorites, as well
as spectroscopic studies of the Sun, comets, and plane-
tary atmosphere. These works have demonstrated the
constraints that can be placed on the early history of
the solar system, particularly by combining the chemi-
cal observations with new considerations from nuclear
physics. But these chemical investigations have raised
numerous new questions. Is the solar system in its
solid phases homogeneous or are there differences
within the planets due to their mode of formation?
Are the planets chemically differentiated like the
Earth? What are the conditions required for a planet
to segregate its chemical elements, so as to produce
a terrestrial crust rich in the radioactive elements?
These and many more questions vital to discussion of
the origin of the solar system can only be answered
by the chemical study of the moon and planets.
The above brief survey of recent developments in
the investigation of the solar system clearly shows the
importance of the study of all the bodies of the solar
54
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systems to the question of its origin. A further point
should be emphasized. The understanding of our
Earth, its constitution and development, will require
a study of the other members of the solar system.
The Earth is but a single example of a number of
enormously complicated heat engines. As in the case
of the study of the origin of life, a comparative study
of the planets including their atmospheres will lead
to an increased understanding of our Earth. How
does the Earth differ from its neighbors? As an
example, does the Moon release seismic energy in the
same way as does the Earth? Or are earthquakes the
result of processes in a highly chemically differen-
tiated body, which possesses continents and oceans
of greatly differing substructure? A seismic study of
what appears to be a more nearly chemically homo-
geneous body, the Moon, will provide important data
for the investigation of our own planet.
I have emphasized the importance of space investi-
gation to the problem of the origin and development
of the solar systems and to the understanding of the
Earth. I wish to underline a further generalization.
The study of the solar system by space vehicles is
only a part, an essential part, of the grand project
on which we are embarked. A variety of tools are
required to determine the nature of the solar system.
Some of these will be ground based, others will be
carried in satellites or probes. The emphasis on one
kind of platform should not be allowed to hinder the
development of those other instruments capable of
obtaining essential and often complementary data.
Let us consider a number of specific problems,
whose answers are prerequisite to a proper study of
the solar system. In discussing these problems, it will
become clear that studies of the Earth and its near
environment have heavily influenced the questions to
be asked. As we broaden our knowledge of the solar
system, the questions will be different. Let us first
look at the general question of the dynamics of the
solar system, then the dynamics of the planets and
then those of the satellites as they move about their
primaries. These considerations lead naturally to
questions of the rotation of the planets; how have
the planets achieved their present rotational configu-
ration as defined by the magnitude and orientation
of the axis of rotation? The rotational characteristic
of the planets are in turn dependent on their internal
constitution. I will examine briefly the major prob-
lems in understanding the internal structure of the
planets and how the planets obtained this structure.
The properties of planets can in part be described
by the fields in nearby space which originate within
the planet. The magnetic field is of great importance
to the understanding of planetary interiors. Certain
necessary conditions for a magnetic field in a planet
have been established; the sufficient conditions remain
a mystery.
DYNAMICAL DEVELOPMENT
OF THE SOLAR SYSTEM
Today the planetary system is a highly organized
one in which each member follows a monotonous
journey about the Sun. Was the solar system always
so highly organized? Are the paths now traveled by
the planets the same as the paths traveled 4 billion
years ago? Is it possible to begin with the present
configuration of the members of the solar system and
trace the changes in their orbits back in time? Such a
program requires a detailed understanding of how
the individual members of the solar system interact
with each other. The greater part of the interaction
can be described in terms of rigid masses attracted to
one another by gravitational forces. For the solar
system we have only a primitive understanding of
the long-term dynamic consequences of the many-
bodied interactions. This lack of understanding stems
from a fundamental difference between systems held
together by gravitational forces and the more familiar
systems of the laboratory. In the laboratory, con-
tainers restrict the volume occupied by the system
of interest. In gravitational systems there is no
container and thus there is no potential barrier at
their outer boundaries. A direct result of this is that
gravitationally held systems cannot reach a state of
statistical equilibrium. This is fundamentally the
reason why we cannot determine whether or not the
solar system is secularly stable.
Table I lists the orbital characteristics of the planets.
Several features are of importance in considering the
dynamical development. With two exceptions the
orbits are of low eccentricity and inclination. The
two exceptions are the innermost planet, Mercury,
and the outermost, Pluto. We do not understand
why the inclinations and eccentricity are small nor
do we understand the exceptions. The mass distribu-
tion within the solar system is also of great interest.
There is very little mass between the planets. It
would appear that the planets have been very efficient
in cleaning up the solar system.
In addition to the direct gravitational forces, there
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Table 1.—Orbital Elements of the Planets
Inclination
Semi-major axis,	 to ecliptic,
Planet	 AU	 Eccentricity	 deg
Mercury _______ 0.387 0.205 7.0
Venus _________ 0.723 0.007 3.38
Earth	 _________ 1.000 0.017 0
Mars
	
_________ 1.524 0.093 1.85
Jupiter	 ________ 5.20 0.048 1.30
Saturn	 ________ 9.54 0.056 2.48
Uranus ________ 19.18 0.047 0.77
Neptune _______ 30.07 0.008 1.77
Pluto __________ 39.44 0.249 17.17
is another kind of gravitational interaction dependent
on both the deformability of the planets and satellites
and on the existence of friction. The frictionally
retarded tides influence the long-term evolution of
the elements.
The nature of the tidal friction interaction is illus-
trated in figure 1. In the upper diagram, we suppose
the Earth to have perfect fluidity in its liquid parts
and perfect elasticity in its solid parts. With these
conditions the maxima in the tidal protuberances,
both toward and away from the tide-raising body,
lie along the line of centers of the tide-producing
body. Because of symmetry, no torques are exerted
and there is no change in the orbital elements or the
rotational parameters.
If friction accompanies the deformation, the rota-
tion of the primary will carry the lagging tide for-
ward. The tide is not overhead when the tide-raising
body is directly overhead, but is high some time later
as is illustrated in the lower half of figure 1. The
gravitational attraction of the tidal bulge on the
secondary is asymmetric with respect to the line of
centers; a torque is exerted with angular momentum
transferred from the rotational motion of the primary
into the orbital motion of the secondary. In addition
to the interaction sketched above in two dimensions,
there is also a component of torque tending to tip
the axis of rotation and at the same time change the
inclination of the orbit of the secondary. In addition,
there is a more subtle effect altering the eccentricity
of the orbit. Thus the orbital elements, eccentricity,
inclination, and semimajor axis are altered by tidal
interaction. The most important characteristic of the
tidal interaction is its strong dependence on distance
between primary and secondary. The r- e dependence
FIGURE 1.
—Earth-Moon tidal friction interaction. (a). The
tidal bulge, if there is no friction, is symmetrical with
respect to the line of centers between the Earth and Moon.
(b). If there is friction, there is a delay in the time of
high tide. The resulting distortion of the tidal bulge leads
to a torque, diagrammatically illustrated. The torque
decelerates the Earth's rotation and accelerates the Moon's
orbital motion.
implies a strong interaction when bodies are close and
weak interaction at greater distances.
If one examines the stability of the planetary orbits
to tidal friction, we find that all the orbits are stable
for time scales of billions of years. Even the inner-
most planet, Mercury, undergoes only minute changes
in its path because of tidal friction. We can thus
reach the conclusion that the present arrangement of
the planets is stable with respect to tidal interaction;
the orbits have changed imperceptibly since the begin-
ning due to effects of tidal friction. But we cannot
yet state what is the stability with respect to the many-
bodied interactions, nor can we trace the orbits back
in time. This remains a major unsolved problem,
whose answer requires the development of theory
rather than space probes.
While the planets are stable with respect to tidal
friction interaction, certain of the satellite systems
have undergone major changes. At present, we know
that the Moon is retreating from the Earth at a small
but measurable rate. As the Moon retreats, the Earth
slows down. While the rate of retreat is determined
by astronomical observations made over the past 22
centuries and geophysical observations of the last
decade, there is evidence derived from artificial satel-
lites that the Earth has been slowing down for at least
10 million years. Studies of Earth-orbiting satellites
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show that the Earth does not possess a shape appro-
priate for its rate of rotation. Indeed, the present
figure corresponds to a time when the length of day
was 3 minutes shorter, and the Moon was 150 kilo-
meters nearer the Earth. If the present rate of tidal
working has remained constant, this condition pre-
vailed about 10 million years ago. A striking feature
of the calculation is that the Earth-Moon system can-
not be older than 1.7 billion years, a time short
compared with the age of the Earth of 4.5 billion
years (fig. 2) .
This poses a major problem for both cosmology
and geophysics. Has the Earth differed in its internal
properties in such a way that friction is a more pow-
erful retarding agent now than it was a few hundred
million years ago, or is the present Earth-Moon sys-
tem a more recent development? Extremely important
data will be derived when man first returns samples
from the Moon's surface. Are the lunar rocks very
old? Or are they much younger than the 4.5 billion
years usually assigned to them ?
What of the other satellite systems; are they stable
to tidal interaction? The complex satellite systems
of Jupiter and Saturn with the presence of massive
inner satellites demonstrate that the dissipative prop-
erties of the giant planets differ greatly from those
of the Earth. In particular, these planets are much
more nearly perfect bodies than is the Earth. They
dissipate energy at a rate 100 to 1000 times less
than does the Earth. But even with these low rates
of dissipation, in certain of the satellites, particu-
larly Neptune's Triton, has undergone tidally induced
changes in its orbit.
ROTATION OF THE PLANETS
The tidal forces alter not only the orbital elements
of the satellites but also the rotational characteristics
of the planets. Despite the greatly differing masses
and moments of inertia of the planets, there is a
great regularity in their rotational characteristic, as
is illustrated in table II. The obliquities are low
I
2 b=2.16°
2 b = 4.32°	 0.500	 1.001	 1.502	 2.002	 2.502	 3.003	 3.504
2 5 = 8.64°	 0.250	 0.500	 0.750	 1.000	 1. 250	 1.500	 1.750
0.126	 U. 2S1	 0.376	 U. SW	 U. 62b	 0.753	 0.878
Time, aeons
FIGURE 2.—The past variation in the Earth-Moon distance. The Earth-Moon distance is measured in present Earth radii
(1 Earth radius = 6371 km). The three time scales correspond to different assumptions regarding the phase lag of the
tides raised by the Moon and Sun.
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except for Uranus, and except for Venus and Mercury 	 within the solar system; in figure 3 the dependence
the rotational periods are similar. Figure 3 further 	 of angular momentum density on the mass of the
illustrates the regularity of rotational characteristics 	 planet is illustrated. Venus and Mercury show a large
1026	 1027	 1028	 1029	 1030
Mass, g
FIGURE 3.—The angular-momentum density associated with the rotation of the planets. The short vertical bars reflect the
uncertainties in the angular velocities and moments of inertia of the Moon, Venus. and Mercury. In determining the value
for the present Earth-Moon system, the rotational momentum of the Earth and Moon and the orbital momentum of the Moon
about the Earth were taken into account.
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Table 11.—Rotational Parameters of Planets
Planet
Rotational Period
Obliquity,
deg
days hours
Mercury	 _________ 59 —0.
Venus	 ___________ 250' —0.
Earth	 ____________ 23.93 23.45
Mars	 ____________ 23.62 23.98
Jupiter	 __________ 9.83 3.08
Saturn	 ___________ 10.23 26.73
Uranus	 __________ 10.28 97.92
Neptune
	
_________ 15 28.80
Pluto ------------ 6.4 ~0.
Retrograde
deficiency as compared to the outer planets and Mars.
This deficiency can be explained on the basis of the
tidal interaction of the planets with the Sun. The
Earth shows a deficiency but less than that of either
Venus or Mercury. If the Earth initially possessed
the angular momentum density required by the ob-
served relation, then it would have rotated once each
12 hours, and the Moon would have been at two-
thirds its present distance.
While we understand certain features of planetary
rotation, many mysteries remain. What is the origin
of the observed regularity in rotational characteristics?
Why does Venus possess a slight retrograde rotation?
Is this due to atmospheric tides or because of thermally
driven interior motion? Why is the axis of rotation
of Uranus tipped at such a high angle? Tidal inter-
actions cannot explain the anomalous rotation of
Uranus.
PLANETARY INTERIORS
The rotation and indeed the orbits of the planets
are dependent on their internal structure. Figure 4
shows this structure for the Earth. The principal
features include a large metallic fluid core, a mantle
in which chemical stratification is evident in the upper
regions, and a crust rich in heat-producing radioactive
elements, uranium, thorium and potassium. Are the
other inner planets similarly stratified? We have only
a few data from which to speculate.
Astronomical observations on the moon show that
the Moon, like the Earth, has a bulge around the
equator. Unlike the Earth, the Moon also protrudes
along the direction between the center of the Earth
and the center of the Moon. The magnitudes of these
bulges are reasonably well known. They are much
larger than those one would expect if the Moon were
fluid or nearly so. The strength required to support
the non-equilibrium bulges is on the order of 10 to
100 bars, comparable in magnitude to the strength
of the Earth as deduced from the artificial satellite
observations.
However, if we assign to the Moon the radioactive
composition deduced for the Earth, and assume the
radioactivity is uniformly distributed within the Moon,
we are led to the conclusion that the Moon should be
molten in its interior. This point is illustrated in
figure 5. Thus the assumption of earth-like radio-
activity and homogeneity is inconsistent with observed
strength of the Moon.
There are two possible solutions. First, the Moon
differs chemically from the Earth in a major way.
Such a conclusion has, of course, major implications
for theories of the origin of the Earth-Moon system.
Second, the Moon is differentiated with radioactivity
concentrated towards the surface. This second alterna-
tive implies that volcanic processes were once active
on the Moon. My analysis of both terrestrial and
Ranger photographs suggests that volcanic activity
has played a very minor role in shaping the lunar
surface, and thus I favor the first alternative. The
solution of this problem will result from chemical
analysis of samples returned from the lunar surface
and from a determination of the distribution of mass
with the Moon from observations of a lunar orbiter.
Mars has two small natural satellites, Phobos and
Diemos. Observations of their motions yield data on
the Martian interior. Figure 6 shows two models for
Mars; in both of these models we are led to the
conclusion that Mars, like the Earth, has a metallic
core. This conclusion depends, however, on the value
assigned to the equatorial radius of the planet. The
range of values consistent with optical observations
is so great that we cannot definitely conclude that
Mars has a core. We can expect that ground-based
radar observations in the next few years will lead to
a much improved estimate of the radius and with it
a greater confidence in conclusions as to the interior
of Mars.
PLANETARY MAGNETIC
FIELDS
In the case of the Earth, the magnetic field origi-
nates within the metallic, electrically conducting core.
Mass motion in fluid core induces electric currents
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FIGURE 4.—The variation of compressional (Cp) and shear ( Cs) wave velocity and density within the Earth (Gutenberg,
1959)•
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FIGURE 5•—The variation of temperature in a Moon haying
chondritic radioactivity uniformly distrihuted. Initial tem-
perature is 0°C. The diopside melting curve (Boyd and
England, 1958) and the melting point of iron (Strong,
1959) are also shown.
responsible for the magnetic field. The sources of
energy for the motion are unknown; they could arise
from thermal instabilities dependent on radioactivity
deep within the Earth, or they could be tidally driven
by the Moon.
We also know that neither the Moon nor Venus
possesses a magnetic field comparable in intensity or
geometry with that of the Earth. Lunik I measured the
Moon's field, while Mariner II established the absence
of a large field on Venus. Do these observations imply
an absence of a metallic fluid inner core in these two
bodies? This implication is particularly difficult to
accept for Venus, since that planet is so similar in
size and mass to the Earth. Or does the absence of a
field on Venus mean that planetary rotation plays a
critical role in the generation of a field? A partial
answer to these questions will result from the Mar-
iner IV determination of the Mars magnetic field.
Mars is a rotating planet, probably containing a fluid
core. If Mars does have a magnetic field, this will
be strong evidence for a thermal origin of the Earth's
field. My own guess is that Mars will not have a field.
This speculation is based on the absence of nonther-
mal radio emission from the planet. The limits
placed on the field by the absence of observable syn-
chrotron emission are most uncertain, but I would
suggest that Mars has a magnetic field at least 10
times weaker than the Earth's.
The observation of the magnetic field at Mars by
a space probe coupled with a ground-based radar de-
termination of the radius of Mars will provide infor-
mation of great importance to understanding the
Earth's magnetic field. This example well illustrates
the theme of my early remarks. We can learn much
about our Earth by studying the other members of
the solar system. In these studies both ground-based
and probe observations will be of importance. These
comparative studies will provide the information re-
quired for a deeper appreciation of the problems of
the origin and evolution of the solar system.
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FIGURE. 6.—Variation of density with depth in Mars for two models. Radius — 3345 km, flattening = 5.0 X 10- 3 . In one
model, the phase transition takes place at 10' hars and there is a relative change of volume of 15 percent. In the
other model no phase transition is assumed. The mass of the chemically distinct inner core is 0.01 total mass in the
phase-transition model and 0.093 total mass in the model with no phase transition.
THE PURPOSE OF SPACE RESEARCH
Thomas Gold
Director, Center of
Radiophysics and Space Research
CORNELL UNIVERSITY
Space research is a great new adventure. I am
quite sure it will not be very difficult here in St.
Louis to gain sympathy for a point of view that a
great communal adventure is a desirable thing. St.
Louis was based on that. The exploration of the
West was the purpose and excitement of the period
when the city was founded, and it was the excite-
ment of a new exploration, I believe, that was very
largely responsible, not only for the driving spirit
of this city but of the United States as a whole.
Each generation ought to have such excitement
and something that really gives it a purpose. Trying
artificially to devise the purpose is not usually suc-
cessful. We have to hope that each generation dis-
covers some particular field into which human effort
and human intelligence can expand. I think we have
this at the present time in science in general and in
space research in particular.
Individual effort in exploration in science or tech-
nology is usually not possible any more, or, at any
rate, the situation is not nearly as favorable for in-
dividual effort as it was perhaps a hundred years ago.
Great efforts of team work with the support of the
entire country are now the order of the day. More
can be achieved in the modern situation by the great
team efforts even if this is not quite as satisfying to
some individuals as progress based on a few outstand-
ing men.
But the great communal efforts have other advan-
tages in addition to increasing knowledge. They tend
to weld together a nation, to give it a purpose, and
to divert it or its members from undesirable activities
that they might otherwise get into in order to satisfy
the instinct of adventure and to obtain the excitement
that seems to be necessary for a full life.
Space research, I believe, is becoming this great
new adventure at the present time, and it will give
the next generation its purpose and its drive. I hope
that your city will take its proper share in all this
with its magnificent history in a closely related field.
I hope very much that when the first man flies to
Mars his spaceship will be named The Spirit of St.
Louis.
For scientists engaged in space studies there are
two ways of reacting to the popularity of space. One
is to ridicule the popularity and the ignorant excite-
ment—all that is quite easy because, of course, there
is very much in it that is quite ridiculous—and to
stress that the scientific purpose will not be advanced
by all those science fiction types, or all the space
cadets, or all the eager but ignorant and multi-
tudinous hangers-on of space.
The other possible reaction of a scientist is to
realise that all these people are members of the
public who may well serve as the vanguard in the
campaign to bring the interest and excitement to
others. Space research is not like the physics or
mathematics of the last century which required a
small number of individuals of great insight to make
progress, but, if only for purely economic reasons,
it is a National pastime.
Of course, the scientifically ignorant people do not
contribute to the good experiments and observations
and to the essential scientific work, but they can com-
municate their interest to others and in that way
make the exploration of space the great National or,
indeed, human endeavor that I feel it ought to be.
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We scientists should not belittle the ignorant enthu-
siasm or try to do away with it. Instead, we should
try to educate so that in the course of time there will
be as much or more enthusiasm, but less ignorance.
I dislike a high degree of specialization that results
in a small fraction of the people being initiated into
an activity that the rest of the Nation has to support
but cannot understand. It is like the organization of
high priests in ancient civilizations which dealt with
mysteries the public could not know. How can the
public tell when they are being swindled? How
can they know whether the high priests are not merely
shielding themselves behind an artificial curtain of
mystery?
Much as I admire the great scientists of the past,
there is no question but that their activities did have
that mysterious appearance to the general public. In
that case, of course, the scientists did not intend it,
but they merely could not help it. The general public
must have had the feeling that there was a significant
branch of human activity that was permanently kept
aside from them that they could not really enter
into. On the other hand, they may not have worried
very much then since only a very small number of
people were directly affected, and they exercised no
power nor did they consume much wealth. This is
all changed now, and the public would have much
more reason to be suspicious of supporting a large
and powerful section of the community that was
shielding itself with a curtain of mystery.
I would much prefer to look forward to a period
of scientific progress in which the average boy or
girl in high school is up to date on many lines of
scientific exploration and feels the excitement which,
in a previous era, must have gone with geographical
explorations.
Let us compare what I am trying to envisage for
the future with changes that have happened in the
past. In the Middle Ages, for example, in many
countries, ordinary arithmetic was regarded as some-
thing that was the prerogative of a few specialists,
a few talented people with particular training, and
quite beyond the average member of the public.
Now we expect a child to master this subject by the
age of 10.
I believe that science, at the present time, is in
a very early phase and that it may undergo a similar
change. The day will come, given good education,
when it will be commonplace for people to under-
stand quantum theory or the theory of relativity
Jor whatever the subjects may be then that will take
their place) . All this will come about not only be-
cause there will be better education, and people will
learn more but also, I firmly believe, because the sci-
entists will make the subjects very much simpler.
That would, of course, be an enormous change.
Should one strive to bring about such a change or
should one leave things alone and let them take
their time? My view is that it is important for
humanity to maintain circumstances that are chang-
ing all the time. Stagnation is bad for us. The
real question is, what is the nature of the change we
should work for. I would vote for this change
to be, in fact, the expansion into the great new sci-
entific age that I foresee, and I hope that that change
will be worldwide and will encompass all of human-
ity. In the exploration of the universe around us
and our place within it, space research and astronomy
are the best subjects to lead the way into this new
era.
I believe that people, in general, will learn a great
deal more; the present education system does not even
come close to exhausting the capabilities of the human
brain. It is not so much that people will have to
struggle a lot harder to learn—they will probably
do that, too, and I feel sure that no harm will come
to them from working a little harder than our children
do now—but that is not the main effect. The pat-
terns of thought, the language, the ways of teaching
will all be improved enormously, and for the same
effort very much more will be achieved.
In addition, of course, there will come the period,
the great age of the symbiosis of man and the
intellectual machine. In that age the power of high-
speed electronics will be available to each of us for
all those things that can be done better by elec-
tronics than by human brains: information storage
and processing, arithmetic, rapid simple logical op-
erations like algebra, statistical and probability cal-
culations, and so forth. We will not waste our time
or effort with our own brains when such jobs can
be done more efficiently by electronic means, just
as we are no longer too proud of our own physical
strength to delegate digging to a bulldozer.
If we want to expedite this advance as scientists,
we have the responsibility not only to advance sub-
jects but to strive all the time to simplify them.
Wherever possible we must find easier paths through
the network of scientific understanding so that the
material which perhaps took us 20 years to learn
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can be learnt by the next generation in 5. As indi-
vidual scientists, we may be proud that we can work
Our way through a complex field; as a group, we
should take pride in simplifying the field. Only
then can we hope for a general widespread advance
rather than a fragmentation into more and more
specialized fields.
Every time a scientist is asked to explain an item,
he ought to consider this. There are basically four
different attitudes that scientists appear to take when
explaining something difficult to nonscientists.
Some make it clear that the subject cannot be
understood without superior training and perhaps
even without a superior intellect. "Here it is," they
say, "but you could not possibly follow that."
A second attitude is, "Never mind whether the
other fellow really understands it, just so long as he
thinks he does." That is the attitude which is often
embraced by scientific popularizers, and the attitude
that many reporters tend to force us scientists into,
whether they like it or not. On the spur of the mo-
ment and with the limitations of their medium, they
want one to say something quickly which, whether
in detail it is true or false, at least has a correct
ring about it to the uninitiated and sounds compre-
hensible to the general public. They feel that the
phony simple story that has some of the points of
the real one is surely better for their purposes than
an incomprehensible true one.
The third attitude is to be very genuine and to go
back to explain the entire logical path to the sub-
ject in question. This is a very sincere attitude and
makes clear that there is no easy way: "You have
just got to struggle the whole way along, and I am
willing to bore you for 2 or i hours by giving you
the entire story." Unfortunately, very often the world
will go by and that story will not be heard.
The fourth attitude, and that is the one I favor,
is for the scientist to shoulder more and more of
the burden to find the simple logical path. Let him
who is best qualified struggle to reduce the difficulty
of the subject and make it much simpler than it was
when he learned it.
I feel that there is an enormous amount of progress
to be made in that line. It may imply a lot of effort,
and often if one is asked some question as a scientist
one is not ready with an answer. If one is not ready,
it seems to me that one should go away and try
very hard to find, in each case, a simple logical route
so that in the course of time a wider and wider
range of the public can become involved in the sci-
entific conversation. Each time one is successful, it
is a step toward the widespread dissemination of sci-
ence and a step away from the attitude of the high
priest.
The modern high school training courses in physics
and in mathematics are endeavors that have, of course,
that very point in mind. That is good but it is not
enough. Let each one of us make this effort every
time that we are asked so that we will help in bring-
ing science closer to all of humanity so that they
can all share in the excitement and the satisfaction
when, nowadays in any case, they have to share in
the expenses.
I would regard as the principal purposes of space
research: to marshal human interest in science, to
introduce great communal efforts for intellectual
purposes, to use the spirit of adventure and explora-
tion for noble ends, and thereby to channel it away
from such harmful enterprises as war.
Let me give a few examples of the scientific dis-
cussion that is now taking place, items that interest
me at the present time, and that will serve as examples
of scientific endeavours which, at the moment, are
not very generally understood, but which in a few
years time will become commonplace knowledge even
to the children at school. One subject in that cate-
gory is the magnetic surrounding of the Earth, the
"magnetosphere" as the region is now called. I am
myself the author of that word and for better or for
worse it is now firmly a part of the English language.
I recall very well the discussions at the interna-
tional meetings of a few years ago where a great
variety of complicated theories were proposed and
where very few people saw much of what we now
know to be the right story. Now all of a sudden,
as a result of a few space vehicles and a few very
well devised experiments, the basic story is clear.
Before the relevant experiments were done one
was able to predict a number of things. Firstly, that
there would be a region dominated by the Earth's
magnetic field, a region which is now known to con-
tain fluxes of energetic charged particles and the
so-called radiation belts. It was known that this
region dominated by the Earth's field would extend
out to certain distances and then change over to
the circumstances of the interplanetary plasma which,
as had been known or surmised, is streaming out from
the Sun. It was predicted that somewhere there
must be a shockwave in front of the Earth like
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the shockwave in front of a bullet in the airflow.
All this has now been seen very clearly. The mem-
orable results of the Imp satellites and of Explorer
10 demonstrate the many points at which the change-
over from the magnetosphere of the Earth to the
interplanetary field was seen and the position in which
the standing shock in front of the Earth was dis-
covered. There is now a vast amount of detailed
evidence to make quite clear that this interpretation
was right. The somewhat insecure predictions that
had been made before are now fully substantiated.
We are, of course, all pleased with that success
story.
More than that it has become clear in recent times,
also from the Imp series of satellites, what the pro-
cess is that delivers energy into the magnetosphere.
Magnetic storms and the light of the aurora all
demanded that energy initially resident in the stream
of gas from the Sun be converted into energy of
energetic particles deep in the interior of the mag-
netosphere or indeed coming right down to the
atmosphere as in the case of the aurorae. What was
the mechanism?
Most people had thought that the process would
be taking place mainly on the side facing the Sun,
on the side that is hit by the stream. There one had
discussed all kinds of ways in which the energy
of the stream might be converted into a form which
could penetrate deeply into the magnetosphere, even
though the stream itself could not. I think there
was just one paper, that by Hines and Axford, which
discussed that energy from the stream might be
deposited not in the front but in the tail of the mag-
netosphere. Although the story is not quite the
one which has now been accepted, it came close.
The amount of energy which is delivered by the
interplanetary stream of gas to the Earth to make
its appearance in the aurora is quite large. A sub-
stantial fraction of the entire energy in the stream
hitting the surface of this magnetosphere must be
delivered to produce the observable effects inside.
A comparatively efficient mechanism is needed to
bring energy from the outside of the magnetosphere
to the auroral zone.
It was difficult to find such an efficient mechan-
ism, for the simple view would just be that the
big obstacle of the Earth with its magnetosphere in
the solar wind would just make the stream cleave
around and most of the energy that would be dis-
sipated would be carried away as heat in the stream.
But we needed to have this energy delivered to the
interior of the magnetosphere instead. We now
understand that each bit of the surface area of the
magnetosphere of the Earth, as it is exposed to the
solar stream, gets dragged out and its magnetic field,
therefore, is stretched to make a very long tail behind
the Earth. Work has to be done on the magnetic
lines of force to stretch them out and this work
reappears as an increase in the magnetic energy con-
tained in the magnetosphere. As the Earth rotates,
the front parts of the magnetosphere get exposed to
form the exterior skin, and this means that new lines
constantly present themselves to be stretched out by
friction with the stream, and other lines previously
stretched out get underneath and then have the op-
portunity to shrink back again to a much shorter
length. Whenever that happens the magnetic energy
so released must appear as particle energy of the
particles of the gas that populate this region.
So we have here a very well devised kind of a
paddle wheel which takes energy efficiently out of
the solar stream. Energy continues to be delivered
by the stream to fresh lines of force which are dragged
out and then twisted under so that they can shrink
again. This can be quite a steady process so far as
the overall appearance is concerned showing merely
a long tail of lines of force behind the Earth.
We scientists have to admit that, although there
was much guesswork earlier, this particular story was
not guessed by anyone. It really required space
vehicles to survey the tail of the magnetosphere
before these processes were understood.
There are other things that we have learned from
those same space vehicles, as, for example, the
normal condition of interplanetary space. We now
understand that there is a fairly steady stream at a
few hundred kilometers per second, mostly about
300 kilometers per second, from the Sun with
a density of between 1 and 10 particles per cubic
centimeter; and that during the time of magnetic
disturbance both the velocity and the density of
this stream are augmented. We are now looking
forward to the period of enhanced solar activity
which will soon commence in the normal rhythm of
the solar cycle, during which we shall see, we hope
with equal clarity, the circumstances in interplane-
tary space of large clouds of solar gas shooting out
from the explosions on the Sun's surface.
Why do we want to know all these peculiar things
connected with such very small amounts of gas and
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very weak magnetic fields out in space? You might
say that there is hardly anything there at all, so
why care about what little there is. It is the best
vacuum that we have ever seen, and yet we concern
ourselves with that little bit that is there and that
distinguishes it from an absolutely perfect vacuum.
Why?
The reason is that there is a whole branch of
physics involved there which cannot be reproduced
in the laboratory. We cannot do laboratory experi-
ments to simulate these circumstances because the
laws of scaling to a different size are against us.
This is a branch of physics in which it is very difficult
to gain detailed understanding except purely by theory
or with the aid of some observations on a large scale.
Some plasma physics can, of course, be done in the
laboratory but there is much more that cannot. The
solar system, on the other hand, can be used as our
plasma physical laboratory, and we may hope to
gain there an understanding of the events which
may take place on the much greater astronomical
scale of sizes. The structure of galaxies, the large
scale architecture of the universe, may require for
its understanding the development of a subject which
is helped by the observations on the solar systems
scale.
Having now a reasonably good understanding of
the magnetosphere of the Earth, we may make in-
spired guesses about the magnetosphere of the Moon.
There we think that no internal magnetic field is
involved and that the Moon merely acts as an ob-
stacle of a weakly conducting medium in the plasma
stream from the Sun. In that case, the front face
of the Moon, at any one time, must be magnetized
with an intensity which can be estimated to be
around 10- 1 gauss. This is, of course, very weak
compared to the Earth's magnetic field which is
some 500 times stronger. This field is forced into
the front face of the Moon by the interplanetary
wind, and will be dragged out into a long magneto-
sphere tail behind the Moon. In front of all this
one may expect to find again the standing shockwave.
This is the guess we can make now, but it will
be very interesting when more is discovered and
seen in detail by lunar satellites with plasma probes
and magnetometers on board.
Another new subject that will soon be transformed
into general knowledge is that of radar to the Moon
and the planets. At our radio telescope in Puerto
Rico, for example, we make detailed studies of the
Moon by means of the reflection of radio waves by
radar techniques. It is possible to obtain a resolu-
tion of as little as a few miles on the Moon, so that
we can observe how individual regions on the lunar
surface reflect radio waves and the radio reflection
depends on structural properties of the ground,
mainly on how solid it is and how rough it is. The
optical information that we get from a telescope
is more dependent on the reflectivity of a thin
overlay whose presence would have no effect on
the radar. Regions which optically look alike may
look very different to the radar so that, for many
purposes, we may be much more interested in the
radar information. The radar probes deeper into
the ground and is more related to those properties
of the ground that we need to know for the purpose
of exploration. The roughness information is con-
cerned with a scale of unevenness of the order of
1 meter, which is even smaller than that obtained
by the Ranger pictures and is approximately the scale
that is most significant for technological purposes.
From such studies we have clearly seen that all
the young looking craters on the Moon's surface
are made of rough and hard material, while all the
many older looking features seem to be made of a
much more porous material and seem to be fairly
smooth. The discussion had been that most of
the craters were made by big explosions caused by
the impact of large meteorites. Such an explosion
would undoubtedly leave hard ground behind what-
ever form of rock was hit. Just the enormous inten-
sity and the pressures that are implied would, of
course, be enough to compact any material into hard
rock. If this happened to each of the craters when
they were formed, we must suppose that all the older
craters have acquired a thick overlay of some sub-
stance which is not solid rock, which must be at
least a few meters deep, and which is a much poorer
radar reflector than rock. It might be a thick overlay
of a porous sediment resulting from multiple me-
teoritic bombardment by smaller meteorites. It is
very hard to think that any form of lava deposit
could be responsible, for we would then need to sup-
pose that this lava deposit covered not only the
interiors of the older craters but every part right
up to their rim, and that it did all this covering not
when each crater was formed but much later.
The radar information has already helped us in
unravelling the puzzle of the lunar surface, and, I
am sure, it will help us much more. It is very im-
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portant, of course, to do much of this investigation
before the main round of lunar exploration is started
since a lack of understanding then could mean very
costly failures. The investigation of the Moon is
expensive, so we must work very hard to be sure
that in each round we ask the right questions and
interpret the answers we get as fully and as carefully
as possible.
The Ranger pictures showed a large number of
features for which the explanation is not yet certain.
One class of such features is of low-lying ground
where there are holes, crevices, and sunken patches
which could be explained most readily by some form
of collapse into underlying hollows. Whatever this
flat material is, it seems to be capable of some kind
of collapse. In pictures we have seen only quite large-
scale collapse features, and we do not yet know
whether the same material is capable of collapse on
a much smaller scale. The terrestrial ground is tested
for firmness by the wind and the weather all the time
which makes it unlikely that any randomly chosen
patch will not be strong enough to carry the addi-
tional burden of a man or a vehicle. No such test-
ing has taken place on the Moon, and we, therefore,
have to worry. The action of meteorites over the
millennia may have pounded the ground together;
but, on the other hand, the evidence is that some
hollow spaces had nevertheless developed. I think
there is every cause for concern here and for much
investigation before manned vehicles can be landed.
The Ranger IX pictures have clearly shown that
the large interior plain of the crater Alphonsus
possesses a curious and unexplained instability. There
are many more small craters inside Alphonsus than
outside, and it is clear that the majority of them must
be of internal origin and not due to impacts. There
are many rills and crevices which seem to end more
or less abruptly at the edge of the crater floor. It
seems that the interior of this crater has some shifting
material in it, but that the movement of that ma-
terial leaves the surrounding rock unaffected. This
is suggestive that the region is composed of a material
which is mechanically less strong and more pliable
than the surrounding terrain. I, personally, have
hazarded a guess that this material is ice under the
surface at a depth of perhaps 100 or 200 feet.
On the Earth, water has been exhaled from the
interior to make the ocean, and the amount made
available would be enough to cover the entire Earth
to a depth of 3 kilometers. If water were coming
up from the interior of the Moon, even if it were
only smaller quantities, the story would be quite
different. Of course, if the water got to the surface
it would readily evaporate and leave the Moon alto-
gether, since the small gravitational field of the
Moon is insufficient to hold a permanent atmosphere.
From this it might be expected that any water on
the Moon would have evaporated into space and
disappeared. But that is not so. The Moon is much
colder than the Earth, and everywhere, even on the
equator, the temperature of the ground at a depth
of more than a few inches is well below freezing.
Even if the deep interior of the Moon had been
heated by radioactivity, the permafrost layer would
still be mostly kilometers deep. Any water that per-
colated upward as steam or liquid in the interstices
of the rock would come to this permafrost layer and
freeze there. As ice it could no longer escape through
the cracks and crevices, and water and ice would
thus be bottled up at some depth. It is an efficient
arrangement like a self-sealing tank.
Even if the quantities of water on the Moon have
been much smaller than those that have come from
the Earth's interior, the effects would nevertheless
be very marked. Cakes of ice under the Moon's
surface would make sheets of low rigidity—no doubt,
mostly in low-lying regions on the Moon—and any
supply or removal of water would cause a movement
of such a glacier. An overburden of rock rubble of
100 feet or so would be sufficient to reduce evapora-
tion of ice into space to a rate which even on the
geological timescale is not significant.
When we get to the Moon, the question of avail-
ability of water will certainly be one of great interest.
Not only would a lunar water supply give us many
technological advantages, such as a supply of hydro-
gen and oxygen, but also from the point of view of
the investigation of the Moon's interior we would
be greatly helped by having chemical samples from
deep within the Moon for detailed investigation.
These were just examples of the discussion that
is interesting us at the present time and I believe
that in a few years time our excitement will be shared
by a large fraction of humanity. Moreover, a little
later some of these things that we now regard as far-
fetched realms of scientific enquiry will have become
common schoolboy knowledge.
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As director of the St. Louis Research Council,
it is my privilege—and my problem—to work daily
with such questions on the influence of space research
activity on industry and the economy, as we will be
discussing in this session. We have three eminently
qualified authorities on hand to discuss aspects of
this subject today. They are: Dr. Seymour W. Her-
wald of Westinghouse Electric Corporation, Dr.
Arthur M. Weimer of Indiana University, and Dr.
Walter Isard of the University of Pennsylvania.
President Kennedy a few years ago referred to
the challenge of space exploration as "the new
ocean." It is, indeed, an ocean of ideas and con-
cepts waiting to be plumbed by scientific inquiry.
Its multitude of aspects challenges every one of the
physical sciences at the most fundamental as well
as the most practical levels. Consequently, the ex-
ploration of this new ocean of outer space is both the
product and the leading edge of general advances in
science and technology.
We also have come to know that scientific and
technological advancements are the seeds from which
spring the continuing industrial and economic growth
of our communities and of our nation as a whole.
Economists generally agree that technological ad-
vances have been responsible for 90 percent of the
rise in productivity in the United States during this
century. Such growth stems most vigorously from new
ideas and new skills; from scientific and technological
innovation. New products, new processes, new re-
sources and new services are the fruits of such inno-
vation. And they are a yield which is measured in
terms of industrial and economic growth.
Just as the many skills and capabilities needed
for space exploration draw from all of the various
sciences, they feed back to those sciences and deriv-
ative technologies a wealth of new data. This
feedback of new information becomes a rich sub-
strate for new invention and technological innovation.
Space exploration can and should relate to advances
of industrial technology in two ways. One way is
in the direct transfer of specific developments to
industrial use, with or without modification, as im-
provements over materials, devices or techniques cur-
rently in use. The second contribution is through the
role that space exploration can play, when assimilated
into industrial thinking, in widening the horizons
for industrial inventiveness and creative innovation.
In the first, new tools are provided for industry
problems. In the second, new perspectives are pro-
vided for viewing industrial objectives.
It is important to recognize, however, that the
extension of scientific and technological parameters by
the achievements of space exploration does not auto-
matically insure a "fall-out" of new industrial ma-
terials, products, processes and techniques. There is
an inevitable time lag between scientific and tech-
nological advances in an area as esoteric as space
exploration and the subsequent adaptation of these
advances to inventions or innovations which have
commercial utility. The knowledge must be not
only assimilated but also integrated into a framework
of thought which leads to invention or innovation.
In this latter respect I should like to emphasize
especially the vital role of the entrepreneur. Sci-
entific research and development do not, of them-
selves, generate inventions and innovations. A third
and indispensable ingredient to the inventive process
is the function which can best be described as en-
trepreneurship.
This is the quality in a practically oriented, risk-
taking individual which enables him to sense the
commercial potential of a new idea and to muster
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his organizational strength for its swift and profit-
able exploitation.
As I see it, it is the entrepreneur who provides
the bridge of business imaginativeness and acumen
which links the work of the scientist or technologist
to the commercial success of a new product or
service in the marketplace.
We know of the efforts that urban centers through-
out the United States are making to weld that impor-
tant linkage between science and technology and the
economic growth of their communities. Our St.
Louis Research Council is one such effort. Obviously,
the space research program mounted by our Nation
figures importantly in these plans. Just how impor-
tantly it figures in the entrepreneurial efforts of both
our industries and our communities will be clear
to us from this morning's program. The importance
of such entrepreneurial efforts to our economic prog-
ress cannot possibly be ignored—or over-estimated.
TECHNOLOGY UTILIZATION THE
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When I agreed to discuss this particular subject,
I sat down and tried to figure out what might be
pertinent and what might make sense. I found I
was either constrained to talk about things that are
very prosaic that everybody knows or else about
things so far out that I did not really believe them
myself. It was at this time that I did a little read-
ing on the subject of forecasting the future and
retroactively looking at the results of forecasting.
Then I found that people who make a study of this,
particularly of the accuracy of future predictions made
by individuals with technical training, conclude that
the technically trained are not very good forecasters.
They are overly optimistic on what they can do
tomorrow. They are unduly pessimistic about the
strides that can be made in the future.
I really think, in analyzing it, that there is prob-
ably a good reason for this forecasting inadequacy.
All of us who have had technical training are taught
that we must see our way from here to there, step by
step, and that if we do not understand every step,
we really do not know how to get there. I think this
accounts for the optimism in current thinking be-
cause we, at least conceptually, see our way step
by step. Also, it probably accounts for the pessimism
in predicting the future because then we do not fully
understand every step we are talking about. Inci-
dentally, the people who show up best in this retro-
active look are the financiers. They seem to be
totally unburdened by knowing how to get from here
to there. Instead they rely on their best theory. They
just take a good calculated guess on the things that
are going to be necessary and predict the need.
So, with that little background I ask for forbear-
ante while I try to do some forecasting of what
might be the effect of current space research on in-
dustry and the economy, based more or less on what
might be desirable rather than on my understanding
of how we get from here to there.
Let us start with a basic premise that I whole-
heartedly believe—no industry nor any national econ-
omy prospers for very long unless it serves people.
The point is that whatever we talk about doing, it
must eventually be something in which people en
masse participate, something useful for them. The
approach I took, in trying to look at the future, was
one of deciding what and where are the people's
problems. Certainly, the first and foremost people
problem, that takes little difficulty in forecasting and
seems to be going on at a very, very hectic rate, is
the one of the large number of people themselves.
Figure 1 is just a restatement in numbers of what
we probably all know intuitively—that the people
problem is going to get much worse. It is really
just an interpolation graph to focus attention on the
fact that when we go back—prior to 1800 when the
census count was worth anything—the numbers get
exceedingly low. One of the things that amazes us,
when we look at such a graph for the first time, is how
few people were around in—let us say 0 A.D. But
this population growth is one of the most funda-
mental problems facing us, and I thought it would
be a good one to start with.
The people problem is going to be much greater—
we have greatly increasing numbers of people, and
these greatly increasing numbers of people will
need the real fundamentals of food, water, shelter,
and some room. They will need room to live in,
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room to transport in, and room to do all of the
things that we can now visualize that take room as
well as some in the future that we cannot foresee.
Let me share a statistic which floored me when
I first looked at it. I still do not really believe it,
but it seems to be fairly factual—in 1955, the arable
land per person was about l4 acre (fig. 2). I think
we get a distorted view of this when we go around
the United States because we are way off base. We
have way more arable land, even with all the
contractions in the farming per person, than that 14
acre. And, by 2000 A.D. with population growth,
w
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FIGURE I.—World population growth.
it is estimated that this will decrease to a little more
that 1, acre per person. So, in a very fundamental
way, what we are really saying is that we will either
have to get smart enough to grow more in that
ratio, which is something better than two to one,
or we will have to find new sources, or new places
or new things with which to deal with the food
problem.
There is a paper, "Man's Earth, Orbital Program
and Earth Sensing" by Lowe, McDonald, Settinger,
and Walter published in April 1965; it discusses the
future use of observation from satellites. One of
the things that this paper pointed out is the value
of surveying and determining the optimal use of the
arable land resources. Table I lists the kinds of ob-
servations that might be made from space. Because
this is a little speculative, do not worry about what
is feasible, probable, or questionable. There are a
large number of things that we could sense fairly
economically with satellites that we could not map
in relatively small areas in a lifetime. Some do relate
to problems of people fire, flood, drought, and mis-
use of land. We could have worldwide forest fire
detection and improved methods for predicting floods
and droughts and detection of crop diseases. These
are only immediately obvious areas of interest.
Let us talk about the economics in a very gross
sense. Table II is a list of guesses as to the economics
/rr
FIGURE 2.—World Crop farnl lands (black areal).
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Table 1.—Possibilities of Observing Agricultural Features
from Space
Feasible	 I	 Probable	 I	 Questionable
Crop and speciesl Crop and species
	 I Soil moisture
area type
Soil temperature Vegetation	 maturity Frozen soil
Contour farming Plant disease Unfrozen soil over
requirements permafrost
Terracing require- Soil	 type	 identifica- Cause of damage
ments tion
Snow area Strip	 cropping	 re- Water vapor over
quirements vegetation
Water area Flood and wind
damage assess-
ment
Snow depth
Water level in
basins and rivers
involved in doing a few of these, if we could take
a look at the vegetation, the cultural features, the
crops, the thermal map of the oceans relative to the
currents—and again do not worry too much about
whether you agree or disagree with the dollar value.
The fact is there are significant dollars involved in
considering an industry and an economy from the
standpoint of its usefulness to people. I cannot pre-
dict exactly what kind of industry would then flourish,
but I do know that any combination of industry and
service to people has always, in the past, flourished.
The value for doing such things as mapping world
vegetation, the world map of natural and cultural
features, agricultural crop surveys, land use studies,
a film map of the ocean, worldwide ocean-sea data,
water budget data, forest fire detection data, and
weather data are estimated to have direct value some-
where in the nature of $4-1 billion per year, conserv-
atively. I think that, when we talk about realizing
billions of dollars in other ways, $4 z billion is a
realistic value. One of the President's speeches had
an estimate of $5.5 billion as the gross value of
something as simple as a 5-day weather forecast on
the economy.
Work on advanced surveillance cameras and radar
would suggest that many of the things that I have
listed here are indeed technically feasible and would,
in fact, substantiate for the most part the claims made
in the Lowell paper. Naturally, such surveys would
be greatly enhanced by cooperation on an interna-
tional basis, and this kind of cooperation is either
becoming feasible—or necessary—and is well pub-
licized. Look at what is relayed communicationwise
now relative to our launchings. For example, at Cape
Kennedy I learned that the Clay-Liston fight was
relayed to Russia, and I cannot think of anything
we should export less than that. But it is indicative
of the fact that communications are good and getting
Table 11. Impact of Space Surveillance
Function
Interval	 Value,
Applications	 Coverage	 $101Yyr
yr	 mo	 wk
World vegetation Forest inventory Global
Energy budget Global
Natural and cultural features Geographic studies Global
Map revision
Land use planning
Oil and mineral location
Crops survey Food budget Major crop
distribution
Agricultural census
Wildlife reserves
Thermal map of ocean Marine life distribution Ocean basins
Location of fisheries Major inland
waters
Marine biology studies
Water budget data Improved water regimen Land areas
Crop yield prediction
Flood prediction
50-75
175
70-140
1-3
	 Over 100
2-4
2-12	 Potentially
very high
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better. In addition, with this kind of cooperation,
voluntary or forced, in this kind of environment, we
can contemplate the feasibility of worldwide geo-
graphical surveys that could be conducted to discover
many of the resources that are currently critical to
the economy such as oils, minerals, and water.
We have talked about the use of our current re-
sources, the population explosion which will tax our
agricultural capability, and how the arable land is
not as much as we would like to have. Much more
dramatic, however, is the use of the Earth's resources
which could be arable—not the ones that are and
could be used for crop production but those which
are now considered too difficult to farm because of
lack of water, inaccessibility, temperature extremes, or
just because of an extremely hostile environment such
as the floor of the ocean. Certainly, the experience
being gained by exploration in extremely hostile en-
vironments, such as the Moon's surface, and the many
studies that have been conducted on Moon basing and
the automation of experiment and the delivery of
habitable shelters and colonies should have a sig-
nificant effect on our ability to overcome the problems
associated with hostile environments right here on
Earth. As a matter of fact, one example at Westing-
house is a current program on deep sea surveillance.
We are using some of the people who have been
working on lunar basing and whose methods, ex-
perience, and knowledge in deriving means to
combat hostile environment will stand them in good
stead. The effects of such a transfer of knowledge
are very, very difficult to measure.
However, when one considers there are 126 billion
acres on Earth and only 3.2 billion acres are con-
sidered suitable for agriculture at this time, there is
enormous potential to increase the use of the Earth's
resources through the proper understanding of how
to work in hostile environments. If we consider the
Arctic, we find that we can barely conduct expedi-
tions in this region now. However, if we raised
the temperature just slightly in these areas, it would
certainly aid in capturing some of the mineral re-
sources, providing additional water resources, and
perhaps, developing additional agricultural bases.
Again, please remember that I am departing from
my normal role, and it probably pains me as much
as it does some of you, but let us consider the means
for accomplishing this trick. The Sun is the pri-
mary energy source for all activities conducted on
Earth. Our energy either comes directly from the
Sun now or has been stored for generations in
fossil fuel from the Sun. At the present time, the
Earth subtends an angle, a solid angle which can
absorb about 5 X 10- 6
 percent of the Sun's energy,
as is illustrated in figure 3. If we could capture a
little more of this energy and put it to good use,
for example, raising the temperature in some of the
polar regions, we would have a device with the
capability of doing some weather control or at least
making some of our hostile environment less hostile.
SUN
3 x Kr megawatts
FIGURE 3.—Energy from the Sun.
Figure 3 schematically indicates why that 5 X 10 -6
percent is such a small part. We really face a small
section of the Sun; the rest of its energy is going
out somewhere else. The Sun at 1 astronomical unit
has about 2 kw /M2 energy, and a reflector to con-
centrate this energy with 90% efficiency might weigh
about 1 lb/100m'. There is a lot of work being
done on low-weight reflectors that could be boosted
into space. Now, if we consider that today's booster
costs are about $650/lb in orbit, we find that even
with today's booster costs we are able to deliver 180
kw for about $650. If this equipment could be
made to function for reasonably long lengths of time,
so that the investment could be amortized, we might
begin to have the basis of something useful. Now,
with improvement in booster technology, these costs
could go down, and, as a result of directed use of
sunlight, we could conceive of controlling the hours
of daylight in some limited areas, of inducing slightly
increased temperatures in certain areas, of providing
for increased temperature of clouds in mountainous
regions and thereby delaying the rainfall until it
gets further into the desert areas generally east
of those mountains; this obviously would have enor-
mous implications for our economy.
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I do not know how we get from here to there,
but at least, the pieces of the puzzle are ready for
people to work on and contemplate. There are, of
course, more direct and less speculative short-term
applications of space technology which have a direct
effect right now on our economic and industrial world.
The subject of communications will be covered in
depth in other papers of this conference, so I will
just mention it in passing. The whole area of world-
wide navigation and traffic control for ships is pos-
sible because of communications. Looking at the
estimated traffic in the world, we find that a study
by the Technology Audit Corporation of estimated
world-wide traffic for 1970 predicted 750 000 ships
involved and about 300,000 aircraft for a total
of approximately 1 000 000 pieces of traffic. In the
1970's shipping traffic (fig. 4), it is estimated, will
be increased by a factor of 20 to 25 percent, whereas
aircraft traffic will almost double in that time.
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FIGURE 4.—World traffic prediction.
It is estimated that it will be possible by the early
70's to have an operational navigational satellite sys-
tem which can provide navigation and traffic control
information to the user's vehicle to one nautical mile
of accuracy with user equipment costing in the neigh-
borhood of $5–$10,000. Such a system would appre-
ciably reduce the present volume of air space assigned
to each aircraft. I said that we had people space
problems facing us in the future; we obviously have
people transport space problems also facing us in
the future. A reduction of allotted air space by four
or five would be possible through the use of such a
system.
The space systems that have impact on agriculture,
weather control, weather predictions, traffic control
are really international in nature and are, in fact, the
satellite communications that we are currently work-
ing on. This suggests that we are going toward inter-
national cooperation because we are being pushed
together by technology and by the controls available
to us. This, of course, would have enormous implica-
tions on how we do business in the future and, in
fact, on whether or not we really will be able to
derive benefits from space programs. Certainly inter-
national cooperation is required and necessary, and
this implies closer political or economic ties. I do
not need to paint the opposite picture for you of what
might happen if we do not eventually learn to live
together; the kind of society we have as an alternate
has been painted rather well by others.
One could not look at the economic industrial im-
pact of our space programs without considering the
direct implications of this kind of program. Now,
I am switching again by saying just forget about
the future, forget about the ones that might even
be near to the future, but let us talk about today.
Right now, NASA has a budget of $5z billion;
NASA actually has created an industry. Looking
toward experiment in space and the kinds of experi-
ment we can do in space, we find new things to
examine more thoroughly here on Earth. We see an
immediate effect in the growth of an experimental
industry in place of today's research industry, the
so-called R&D organization, plus the limited hard-
ware that is being built in attempting to uncover
and exploit the information that we are gaining from
our space experimentation. So I do not want to
distort in looking toward the future nor take away
from the fact that right here in place today is an
industry engaged in what future generations will call
a preliminary research of space.
I think it is interesting to speculate that what hap-
pens because of new technology or new areas of re-
search is that effects usually show up in entirely
unpredicted areas. It is amusing to look at the history
of predictions and see who predicted what. I think
Jay Gould was the only one who predicted that out
of the Wright brothers' flight would come a transport
system for moving people. So, out of space research,
we can expect the unexpected. To review, I believe
the implications and effects of space research on fu-
ture industry and the economy are going to be large.
They are going to be far greater than I can justify on
a step-by-step technical basis. The greatest people-
need problems such as food, livable space, power, and
environmental control _an all, at least speculatively,
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be positively influenced by space research. Industry 	 more international in outlook. I think the implica-
and the economy will flourish in meeting these kinds	 tion of those three rather broad thoughts are far
of needs. Space research makes international coop- 	 more fundamental than the details of whether or
eration desirable so that industry is bound to become 	 not I can see my way through the hardware.
INNOVATION, ORGANIZATION, AND
TECHNOLOGY TRANSFER
Arthur M. Weimer
Special AlJistant to the President
INDIANA UNIVERSITY
The influence of the space program on industry
and the economy almost staggers the imagination.
Both in terms of a direct impact through contracts
and grants and through indirect effects, the space
programs must be considered a major force in Ameri-
can life. Beyond all of these effects, we must recog-
nize the significant influence that the programs have
had on the overall attitudes of the American people,
the lifting of their horizons and the expansion of
their knowledge and hopes.
I intend to discuss some of the lessons we have
learned about the processes of achieving successful
technology transfers. I believe technology transfers
have great potential for our economic growth.
The lawmakers who set up the National Aero-
nautics and Space Administration through the Act
of 1958 recognized the potential that might exist
in space exploration for nonspace industry and speci-
fied that the knowledge gained must be made avail-
able to nonspace industries, as well as to NASA
contractors. (Much the same type of requirement
is set up for the programs of the Atomic Energy
Commission.)
The action of our lawmakers with respect to
the space program was not a unique development.
Throughout our history we have been concerned with
scientific progress and its potential for economic
growth. The record of the Constitutional Conven-
tion indicates that many of our early leaders including
Washington, Madison, Franklin, and Jefferson held
strong views about the importance of science, not
only because of its intellectual challenges, but also
as a means for advancing commerce through what
was termed the "useful arts."
Dr. Richard L. Lesher of the National Aeronautics
and Space Vdministration has selected several dates
that have special significance for the early history of
science, technology, and economic growth. These
include the following: 1790, first patent law (also
the first census) ; 1800, Library of Congress; 1802,
Army Corps of Engineers; 1803, Lewis and Clark
Expedition; 1807, Coastal Survey Act; 1829, death
of James Smithson whose will provided for the
establishment of the Smithsonian Institution "for the
increase and diffusion of knowledge among men."
With the type of background suggested by these
developments, it is small wonder that we are today
devoting much time and effort to the exploration of
space and that we should be concerned with the dis-
semination of space science and technology.
At Indiana University we have been engaged in an
experiment in the dissemination and use of space
science and technology since 1962, having entered
into a contract with the National Aeronautics and
Space Administration in the fall of that year. As a
result of this contract, we set up the Aerospace Re-
search Applications Center and have been undertaking
to make maximum use of the results of the various
research and development efforts carried on by NASA
by developing methods to effect transfers to private
business firms. The programs of the Center have been
supported by the Indiana University Foundation and
the University as well as by over 40 business firms.
In addition to working with the materials devel-
oped by NASA, during the past year the Atomic
Energy Commission materials have been utilized; and
through arrangements with the Department of Com-
merce, it has been possible to gain access to a sub-
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stantial portion of the unclassified Defense Depart-
ment materials. Various other sources are drawn upon
as well.
Without going into the details of the programs of
our Aerospace Research Applications Center, I should
suggest that we have been undertaking to transfer to
business firms ideas which NASA personnel and the
personnel of contracting companies believe to have
commercial applicability. We have developed both
retrospective and current awareness computer search
systems of NASA and other federal materials cen-
tered around high-priority interests of member com-
panies. We have developed a highly competent group
of people to work with these materials and to serve
as liaison personnel between the member company
personnel, including R&D and top management as
well as a variety of scientific and technical personnel;
NASA and other Government officials; faculty mem-
bers of the University in the sciences and in manage-
ment, marketing, and other areas of economics and
business administration; and other professional people
who may be helpful.
We are reasonably well pleased with the results of
our efforts to date. Although many of the member
companies prefer not to identify specific benefits that
have been received, except in general terms, we do
have some fairly specific evidence that the work of
the Center has proved to be useful. In a number of
instances it is understandable that secrecy would be
maintained in regard to potential developments. In
a general way we believe that we have helped a
number of companies to improve their internal organi-
zation for utilizing technical materials as well as
improving their communications systems.
In a number of cases we have made it easy for
R&D personnel to receive the available Government
R&D literature and often have saved them substantial
time and effort. We know that in some cases we have
been able to help companies avoid expensive R&D
ventures because we have been able to bring them
information of on-going activities which previously
was not available to them. We have in a number of
cases been able to bring company people into contact
with NASA personnel in areas of development where
reports have not as yet been published. In addition
to these types of benefits, we have, of course, made
it easy for member-company representatives to meet
numerous officials of NASA, the Department of De-
fense, the Atomic Energy Commission, the Depart-
ment of Commerce, and other Government agencies
in connection with our semiannual meetings held on
the campus in cooperation with the Indiana Executive
Program and the Graduate School of Business. At
these meetings there has been a substantial exchange
of information between the representatives of the
different companies as well as between company
people, university faculty members, and Government
officials.
We do have some specific evidences of assistance.
In the case of one company we were able to find an
improved method for joining thin metal by use of
the tungsten inert-gas welding process.
A fairly simple but still valuable transfer was re-
ported by one company which, because of its need for
testing competitive products, found it necessary to
remove lithography from cans. A NASA report
described a paint remover previously unknown to this
company, and it was found to be very useful for this
purpose.
In another case, a company was able to reduce the
turn-off time of a rectifier by means of information
reported in one of the documents in the ARAC sys-
tem. Still another company was able to locate a
material capable of accommodating high-density mag-
netic fields for use as a core material in a pen-drive
mechanism. In another case, joint efforts of company
and ARAC personnel combined with careful literature
searches made it possible to develop a new approach
to a problem in the area of microencapsulation.
From these reports we are able to gain some con-
cept of the potentialities that may exist. They suggest,
indeed, that many companies are gaining substantial
benefits from the work of the Center, and undoubt-
edly new developments will be forthcoming and will
be in a reportable condition in the not too distant
future.
What have we learned from this experience in
terms of what it takes to bring about successful tech-
nology transfers?
First, I believe this is an area that offers great
opportunity for a working partnership between indus-
try, Government, and the university. The university
can help to create a climate for innovation and can
h^lp to study objectively some of the processes that are
involved, as well as serve as a means for disseminating
information which is, in effect, an extension of the
university's long-run teaching function. Through its
Graduate School of Business, which has had a long
period of successful working relationships with busi-
ness firms, the university has helped to direct the
interest of top management to the process of tech-
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nology transfer and to the study potentials in the
aerospace and space science industries. This has been
facilitated by building on the Indiana Executive
Program and by working with those who have come
through the program in past years. Semiannual meet-
ings of the Center in cooperation with the Business
School Executive Program have served as a means
for stimulating interest as well as for helping in the
transmission of information. On April 8 and 9,
for example, the semi-annual meeting was centered
on the general theme of "Innovation: Organization
Climate."
Second, of great importance is the interest of top
management. When our Center was set up it was
based on the idea which originated with James E.
Webb, the Administrator of NASA, that a business
school with long-term working relationships with top
management might be able to make a significant con-
tribution toward capturing and holding the interest
of top management in technology transfer, and in
particular to make the new knowledge generated by
Government and the aerospace industry available to
other sectors of the economy. This has, indeed, proved
to be the case, and the Center has made the interests
of top management one of its highest priorities. If
top management is interested, all parts of the business
firm will be interested and the attitudes of the entire
organization are more likely to be favorable than not.
Third, those involved in the technology transfer
process in Government, in the university, and in the
companies must have a willingness to experiment, not
only with matters relating to communications tech-
niques but with organizational arrangements, in an
effort to achieve the results desired. Such organiza-
tional arrangements must put key men in key places,
men who have entrepreneurial minds and who make
use of current information not as a means solely of
solving problems directly, but as devices for suggest-
ing other solutions to problems, of restating old
problems, or of helping to identify significant new
problems.
Fourth, another important lesson that we have
learned from our experiences is the importance of
abstracts and of presenting information in quick,
easy-to-read form so that no one is overwhelmed with
information at a given time. Thus, responses to
retrospective searches or to current awareness searches
are made in the form of abstracts, assembled in small
packets so that they can be looked over in a few
minutes; simple and easy-to-order forms are included
which invite immediate followups on those items
which appear to offer promise. Nothing defeats tech-
nology transfer so effectively as the overwhelming of
busy people with voluminous reports. They are imme-
diately relegated to the backlog and may never come
back into the range of attention of the person
involved, be he executive, scientist, engineer, market-
ing expert, or someone else in the company.
A fifth lesson is the potentially widespread applica-
bility of the NASA and other Governmental ma-
terials. It is a mistake to limit access to the people
interested in R&D and production only. We have
found considerable value for management people,
marketing people, and others in the organization
structure, as well as for the more traditional outlets
in manufacturing, engineering, product planning, and
the like.
We have found it helpful to provide some point of
central coordination between the company and the
Center, but such centralization should not prevent the
development of direct working relationships between
people on our staff and those in the company. Close
working relationships of this type help to stimulate
ideas and help to keep the system dynamic.
Sixth, interest centers and profiles related to current
awareness searches cannot be allowed to freeze into a
given pattern, but must constantly be reviewed and
adjusted to meet current high-priority needs. In short,
people are the key to successful technology transfer,
just as they are the keys to most other managerial,
governmental, and educational problems. In these
processes there is no substitute for brains, but beyond
this, there is certainly no substitute for creativity,
imagination, and innovative ability. We have not
found very precise ways of identifying or developing
people with these capabilities, but in a general way
it has been possible for us to do this with respect to
members of our own staff and to help some company
managers do this.
Seventh, most of our failures in specific companies
have resulted from the assignment of the wrong
company personnel to this project. In some cases we
have found it possible to correct these conditions.
Sometimes we have had to go directly to top manage-
ment in order to effect changes. In a few cases this
has not been possible, and these represent our major
failures to date.
Eighth, we have found it useful to present long-
term projections as background for long-range mana-
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gerial planning as a means of generating interest in
technology transfers and R&D processes generally.
While we have learned some things, we need to
learn a lot more. We have made some preliminary
attempts to study internal company organization with
a view to improving the technology utilization proc-
ess. We need to do a good deal more along these
lines. We have begun to learn how to use non-
governmental literature more effectively for these
purposes. A major case in point is the technical
marketing service, which is only a few months old
but which has already proved to be successful. This
is essentially an abstracting and reporting service of
carefully screened marketing literature. We are experi-
menting with some further efforts of this type in
the fields of management, finance, and internatignal
operations at the present time.
The work of the Center has not been without its
impact on the university itself in terms of stimulating
interest in studies of R&D management and in com-
Inunications systems and communication management,
as well as in assisting scientists in their literature
searches in various fields. Beyond this, the Center
has stimulated interdisciplinary relationships that have
not existed heretofore, notably between the Business
School and the science departments, and it has become
one of the main efforts in adapting to the new patterns
of relationships that appear to be developing between
the University and the region it serves, particularly
with respect to economic growth programs.
THE IMPACT OF SPACE RESEARCH EXPENDITURES
ON URBAN AND REGIONAL DEVELOPMENT 1
Walter Isard and Stanislaw Czamanski
Department of Regional Science
UNIVERSITY OF PENNSYLVANIA
I have been asked to speak on The Impact of Space
Expenditures on Urban a77d Regional Development.
In a sense, this is a big topic. Of course, space expend-
itures, as you well know, are impinging on every
aspect of our culture, our political, social, economic
life, and I can talk for hours (I guess even years)
on this subject. Graduate students, at least, have to
hear me for three years.
Now we at the University of Pennsylvania, and
others, have completed many studies analyzing the
impact of major Government programs on heavy iron
and steel industries, transportation equipment indus-
tries, etc. We have utilized all kinds of methods and
techniques for these studies. Although there are
several impact models and techniques, each with many
variations, I shall confine my attention to these three
basic, somewhat overlapping approaches:
1. economic base type analyses
2. simple econometric multiplier models
3. regional input-output techniques.
I shall present certain employment multipliers
which are derived from a few variations of the stand-
ard economic base technique. Next I shall record
employment multipliers implied by several types of
simple econometric models. Then I shall set down
the employment multipliers obtained from the utili-
zation of input-output tables constructed for the
several metropolitan regions. Finally, I shall system-
atically present the several employment multipliers
contained in this paper, observe their similarities and
differences, and comment upon how variations in
industrial classifications and other statistical proce-
dures and definitions may be said to account for
some of these similarities and differences.
THE ECONOMIC BASE
APPROACH
First, I would like to describe briefly the economic
base model around which an extensive literature has
grown. According to one pure theoretical form of
this model, all economic activities within a city may
be divided into two categories: those which produce
goods and services for firms and individuals outside
the area of study, and those which produce for firms
and individuals within the confines of the city. The
first category, covering those activities which bring
new money into the community, is called basic or
export; the second, which merely recirculates money
already in the city, is called nonbasic, nonexport, or
service.
Emphasis is placed on basic activities, since the
community is considered to be organized around its
export industries. As basic activities are considered
"city building" activities, the inference is that an
increase in basic activities will result in a growth of
total economic activity and population, while a de-
crease in basic activities will result in a decrease of
total economic activity and population. The model
has been and, as a matter of fact, is still being exten-
sively used throughout the world to forecast long-run
urban and regional growth. There have been fewer
applications to determine the impact upon the local
economy of an important development such as the
granting of a new government contract, a cutback in
military expenditures, etc.
'Adapted from Techniques for Estimating Local and Regional Multiplier Effects of Changes in the Level of Major Govern-
mental Programs (by the authors). Papers, Peace Research Society (International), vol. 111, 1965.
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In its simplest form the model is
Er=Ee+Es
where
Er = total employment
Eb = employment in basic functions
E3 = employment in nonbasic, or service functions
Taking the ratio EsIE, as constant,
E
Er = Er, + ER • E6
or
`C E)Er	 1+
	
—	
— E,,
En
The model may also be formulated in terms of incre-
ments of employment, that is:
AE, =(1+E,)-AE,,
\	 E,, /
Alternatively one could take either ratio
	
E,, — Eb	 Eb	 En
or — —_E, ^ EG -^ E3 Er EG + EF
as constant and, hence, obtain the multiplier.
A third variant of the economic base model, though
slightly more complicated, is for some purposes more
convenient. In this variant, the ratio of service em-
ployment to total employment is calculated and con-
sidered as constant:
Ey_
r	
E,
According to this variant, an increase in basic employ-
ment increases total employment and consequently
service employment, which is a fixed percentage of
total. But the process does not stop here. The service
employment represents an increase in total employ-
ment, and therefore generates new service employ-
ment, and so on. These round-by-round effects may
be summarized as follows:
Er=E,' 1—r
or
Er=Eb •-E
1
 — E8r
Many difficulties are inherent in the economic base
approach. Among these are:
1. the classification of each activity as either wholly
export or wholly service
2. alternatively, the division of any particular
activity into that fraction which is either export
or service
3. the practical application of the assumption that
not only consumption patterns, but also production
patterns, are identical when different areas or
regions are compared
4. the failure to recognize and incorporate into the
model imports as the counterpart of exports
5. the failure to incorporate interregional transfers
of funds without a corresponding flow of goods
6. the dependence of the results upon the par-
ticular industrial breakdown used
7. use of the average or highly aggregated multi-
plier for measuring widely differing phenomena
8. the problems of differentiating the interindustry
effects from other multiplier effects, such as the
"human" multiplier.
Discussion of these and many other problems of
application is contained in the relevant literature.
It may be interesting to consider several of the
ratios which have been derived in standard economic
base studies. These are listed in table I.
In order to facilitate comparison of the several
approaches to multiplier analysis, I have constructed
table II. The numbers in this table are derived from
input-output or tables of a similar type. Each multi-
plier listed in the last column is a ratio of total
employment in the region to employment directly
engaged in producing those outputs classified as
exports in the final demand sector for that region.
SIMPLE ECONOMETRIC
MODELS
The many deficiencies of the economic base model
have been detailed in the previous section and else-
where. Its major shortcoming is failure to recognize
that market considerations are not the most important,
and certainly not the only factor which influences
entrepreneurs in the choice of locations for new
plants. There is a rationale for the development of
a model based to a greater extent upon industrial
location theory and to a lesser extent upon functional
characteristics of cities.
A description of a model with these characteristics
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Table L-Ratios Derived in Economic Base Studies
Author City Date
Basic to
service ratio
Multiplier
k _ E,
En
New York Regional Plan Association New York ________ 1944 1:2.2 3.2
Matilla and Thompson * Chicago ----------- 1950 1:1.99 2.99
Detroit ------------ 1950 1:2.16 3.16
Pittsburgh --------- 1950 1:2.55 3.55
New York ________ 1950 1:2.91 3.91
San Francisco ______ 1950 1:2.93 3.93
Cleveland
	
_________ 1950 1:2.97 3.97
Boston ------------ 1950 1:3.16 4.16
Los Angeles _______ 1950 1:3.18 4.18
Baltimore
	 _________ 1950 1:3.35 4.35
St. Louis __________ 1950 1:3.89 4.89
Philadelphia	 ------- 1950 1:4.47 5.47
Federal Reserve Bank of Kansas City Wichita ----------- 1952 1:1.60 2.60
Denver Planning Office Denver	 ----------- 1953 1:1.53 2.53
California Economic Development Agency Los Angeles ------- 1961 1:1.80 2.80
Greater Wilmington Development Council Wilmington
	 _______ 1963 1:1.50 2.50
* Proportion of "surplus" to service workers, calculated by means of the location quotient, Matilla and Thompson:
Measurement of the Economic Base of the Metropolitan Area, Land Economics, 31 (1955), 226, Table III.
Table II.-Comparison of Data for Different Approaches
to Multiplier Analysis
Ee
Direct E: Employ-
export Total ment
employ- employ- multiplier
ment, 000 ment, 000 E,
Area * persons persons Ec
State of California-__ 973.5 5066.9 5.21
Los Angeles SMSA_ 693.5 2 371.2 3.42
San Francisco SMSA_ 252.5 920.5 3.65
St. Louis SMSA_____ 184.4 673.1 3.65
Kalamazoo County__ 31.3 58.8 1.88
* SMSA = standard metropolitan statistical area.
has already been published.* This model was devel-
oped primarily to deal with long run "urban" growth.
Originally it was not designed to measure short-run
impact of Government programs, although it is now
reformulated for that purpose. I will first mention a
number of basic assumptions underlying this model.
The model builds upon the postulate that eco-
nomic development and population change are inter-
* Czamanski, Stanislaw: A Model of Urban Growth,
Papers and Proceedings, the Regional Science Association,
13 (1963). In Press. Czamanski, Stanislaw: A Model of
Urban Growth. Unpublished Ph.D. dissertation, University
of Pennsylvania, 1963.
dependent, and hence ought to be statistically ex-
plained simultaneously. This approach is a departure
from basic-service ratio technique. Its emphasis is
on the long run. Now long tuts, both in macro- and
in micro-economics, is defined as that period over
which plant and capital equipment are in general fully
utilized (depreciated) ; installations are sufficiently
obsolete so that they are to be replaced. Under these
conditions, growth of economic activity can take place
only through new productive investments-or, loosely
stated, through new job-creating investments. An
increase in economic activity through either fuller use
of existing equipment or greater productivity is not
considered under this definition.
These new job-creating investments are initiated
by individual decisions of entrepreneurs or business
executives, whose main objective is assumed to be
maximization of profits or returns on invested capital,
and not considerations of harmonious development
of urban functions. Location factors affecting each
investment decision are numerous and heterogeneous.
Labor costs, transportation costs on raw materials, and
transportation cost on finished product to markets are
factors considered important by location theories. But
they are just three of many factors, and in a number
of cases they are not the most decisive ones. More-
over, within any given type of economic activity, the
units carrying out location decisions are dissimilar in
THE IMPACT OF SPACE RESEARCH EXPENDITURES ON URBAN AND REGIONAL DEVELOPMENT 	 85
their locational sensitivities. The question therefore
arises as to whether it is possible, given the com-
plexity of location decisions, to aggregate types and
units of economic activities in such a way that we
are able to construct a simple urban growth model
which yields meaningful results for impact and
similar studies.
From a review of elements of industrial location
theory, it appears that some factors affecting indi-
vidual location are tied to the nature and extent of
the resource base; that others are dependent upon
the presence, size, and character of industrial agglom-
erations; and that still others are dependent pri-
marily upon urban size and structure. Thus, it seems
feasible to explore statistically the following classifi-
cation of activities.
1. Geographically oriented industries (E„), or in-
dustries who main locational factors are geo-
graphical. In this group fall extracting industries
(resources-oriented), processing industries (indus-
tries in which a significant proportion of the labor
force is employed in processes dependent directly
on raw material inputs), industries depending on
such resources as a large supply of good water,
transportation centers (ports of entry of the coun-
try, railway junctions, main airports of the country,
etc.), and large establishments (including Federal
and other government facilities) employing more
than say 10,000 workers on one site. By definition
investments in this category of economic activity
are taken to be independent of the size and
character of urban development, and of industrial
agglomeration.
2. Complementary industries (E,), or industries
for which the main locational factor is the pres-
ence of other industries. In this category fall all
enterprises producing services or goods for a limited
number of large industrial customers (E,,) located
in the same urban area.
3. Urban oriented industries (E„), or industries
for which the existence of the city is the main
locational factor. This category comprises services
which cannot be transported, industries using
female labor otherwise unemployed, the urban pool
of skilled labor, and various other facilities. This
classification includes many more industries than
the limited number of market-oriented activities
singled out by some other urban growth models.
To some extent these definitions cut across existing
industrial classifications.
The following general model may be constructed:
P=a,+b,E	 (1)
E = E9 + E, + E„ (2)
E^ = a, + b,E9 (3)
E. = a3 + b3P (4)
where
P = population of the region or city,
E = total employment in the region or
city, and
E, E,, and E„ = employment in geographically ori-
ented, complementary, and urban
oriented industries, respectively.
This model is highly aggregative. Both population
and the various employment categories are really used
as indexes. Population in particular is simply an
index of city size and of the various services and
facilities available. To the extent that a small city
might provide some or all of the services required by
an industry the model is not valid.
The model rests on the assumption that the larger
or more populous a city is, the greater the variety and
quantity of urban services it can offer. Characteristic
differences between cities of the same size class are
implicitly assumed to be negligible.
The validity of this model has been tested using
data for 232 United States cities divided into four size
categories. The following total population estimation
equations (implying multipliers) were obtained.
1. Cities with 50 000-100 000 inhabitants,
P=3 960+4.3911E9
2. Cities with 100 000-300 000 inhabitants,
P = 24 140 + 7.7928E„
3. Cities with 300 000-800 000 inhabitants,
P=82 378+11.2336E9
4. Cities with over 800 000 inhabitants,
P=3 814 075+54.5703E9
5. All cities with 50 000-800 000 inhabitants,
P= —29 750+13.3855E9
6. All cities examined,
P= —2 467+20.5692E9
In this model employment and population are con-
sidered interdependent; both are determined simulta-
neously. It is also possible to examine separately the
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employment multiplier effects caused by a unit em-
ployment increase in the key industries. This effect
can be further subdivided for analytical purposes
into that part which is due to the growth of comple-
mentary industries alone, and the part which is due
to other growth. The results are given in table III.
It should be noted that parameters for cities with
populations of 800 000 and above were derived from
a very small sample. Hence, this multiplier, as well
as the one referring to all cities of more than 50 000
inhabitants must be used with care.
The question arises whether these coefficients are
also meaningful on an incremental basis. Do these
parameters represent a fair approximation to marginal
employment and population multipliers?
A partial answer to this question is provided by
another study.* In this study that above model has
been reformulated on an incremental basis. The param-
eters were derived from data on 1947-58 changes
in population and employment in a sample covering
49 SMSA's and 137 3 -digit industrial categories.
Where E,,,,t , represents employment in that part of
the geographically oriented industries (E9) which are
tied closely to government defense and space expendi-
tures, and E9( „,, ) represents the other part, the follow-
ing results were obtained:
AP = 109 100 + 2.95658AE
AE, = 2 200+0.11726AE9t(t)+0.20613AE9,,t)
DE„ = 10 800 + 0.17109AP
or in reduced form, after averaging between the
* Effects of Research and Development Expenditures
upon Local and Regional Economies, a study carried out
in 1963-64 by Stanislaw Czamanski under the direction of
Walter Isard for the National Aeronautics and Space
Administration.
research- and defense-oriented industries and geo-
graphically oriented industries,
OP = 286 000+6.85231AE9
AE = 176 900+ 2.31765AE9
The results are not quite comparable with those
derived previously; a different industrial classification
was employed, and SMSA's were used rather than
cities. The two approaches produced some interesting
differences.
The average multiplier due to the "inter-industry"
effect (complementary industries) is 0.23119, while
the marginal multiplier due to the same effect lies
between 0.11726 and 0.20613. Excluding the largest
cities (over 800 000) the average employment multi-
plier is 5.59886, while the marginal multiplier is
2.31765. Similarly, the average total population mul-
tiplier is 13.3855 while the marginal population
multiplier is only 6.8523. It will be observed later
that the marginal multiplier (via the econometric
model) corresponds better than does the average
multiplier to the multipliers derived from other types
of approaches. Table IV presents some marginal mul-
tipliers based on the simple econometric model out-
lined.
INPUT-OUTPUT
Both the economic base and the simple econometric
models already discussed are subject to major defi-
ciencies. They fail to detect the interdependences of
the many sectors of the economy, and they are unable
to identify impacts upon each of the sectors indi-
vidually. That is, (1) they disregard the variation
in production and distribution characteristics of indi-
vidual industries in different regions; and (2) they
ignore the nature of the interrelationships within
these industries and between these industries and
Table III.-Effects of a Unit Increase in Employment In Geographically Oriented Industries
Multiplier re: Multiplier
Size of Number of complementary based on Total employment Total population
cities, 000 cities included industries alone other growth multiplier multiplier
inhabitants in regression E, E-E,-& E PE , E,E, E,
50-100	 ____________ 126 0.23119 1.32225 2.55344 4.3911
100-300
	 ------------ 70 0.23119 2.20635 3.43754 7.7928
300-800
	
___________ 26 0.23119 3.76552 4.99671 11.2336
over 800 ------------ 10 0.23119 11.51402 12.74521 54.5703
50-800 ____________ 222 0.23119 4.36767 5.59886 13.3855
All cities over 50_____ 232 0.23119 7.39663 8.62782 20.5692
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Table IV.—Marginal Employment and Population Multi-
pliers for Cities by Geographical Region and Percentage
of Manufacturing Employment
Employment
multiplier
Population
multiplier
All	 cities	 ____________________ 2.31765 6.85231
Eastern	 megalopolis	 plus	 indus-
trial	 belt	 __________________ 2.15701 6.32374
West coast region_____________ 2.26460 6.66519
Rest of the United States_______ 2.23197 6.93523
Cities with less than 25% of em-
ployment in manufacturing___ 2.36292 6.43047
Cities with 25%-32% of employ-
ment in manufacturing_______ 2.50861 7.47136
Cities with more than 32%	 of
employment in manufacturing_ 2.29860 7.08316
other economic sectors. Hence, there is scope for
another technique.
The approach which underscores the inter-industry
relations and linkages, and incorporates them into a
regional analytic tool is the input-output technique.
A detailed description of this method and application
to regional impact studies has been published else-
where.
In order to compare this approach with the other
techniques described in this study, I have selected
several regional input-output and related models pub-
lished recently. The five studies proven to be useful
for purposes of comparison are listed in table V.
The five studies, prepared at various times for
different purposes and for widely different regions,
offer little basis for comparison in their original
forms. The published tables cannot be compared
with one another, and more important, they cannot
be related to the other techniques available. Exten-
sive computation was necessary to produce uniform
tables for the five regions.
The first three studies—State of California, San
Francisco, and Los Angeles—were cast in terms of
employment. The latter two studies, St. Louis and
Kalamazoo were in terms of dollars. The inverses
were published only for the St. Louis and Kalamazoo
studies. For a variety of reasons new inverses were
prepared for all five studies.
The industrial classifications used in these studies
differed in many ways. The California, Los Angeles,
and San Francisco studies used 26 industrial categories
and 7 sectors of final demand. The St. Louis study
had 26 industrial categories and 3 sectors of final
demand, while the Kalamazoo study had 34 industrial
categories and 3 sectors of final demand. Since the
tables for California, Los Angeles, and San Francisco
were incorporated in one study, the industry groups
utilized in these three tables were identical. These
differed, however, from the sectors defined in the
St. Louis and Kalamazoo tables.
As a first task, a classification of sectors was devel-
oped, such that all five input-output tables could be
expressed and recalculated on a comparable basis.
A comparison of the different sectors showed that
nineteen industrial groups common to all five regions
could be developed by aggregating the individual
sectors. Each newly defined group was an aggregate
of from one to four individual sectors of the five
regional studies. In exceptional cases some sectors
(particularly in the Kalamazoo study) were split
among two or three new sectors.
Next it was necessary to express the St. Louis and
Kalamazoo flow tables in terms of employment. For
Kalamazoo this was a relatively simple procedure.
Using the 1954 Census of Manufacturers data, a
weighted employment to sales ratio for each of the
19 sectors was calculated. By multiplication of these
ratios by the flow data expressed in dollars, a new
flow table was obtained comparable in every important
Table V.—Selected Input-Output and Related Studies
Source Prepared by Period Region
Markets for California Products, by State W. Lee Hansen, R. Thayne Robson, 1959 State of California
of	 California	 Economic	 Development and Charles M. Tiebout
Agency, 1961 Los Angeles-Long Beach SMSA
San Francisco-Oakland SMSA
The Review of Economics and Statistics, Werner Z. Hirsch 1955 St. Louis SMSA
Vol. 41, No. 4, Nov. 1959
The	 Upjohn	 Institute	 for	 Employment Harold T. Smith 1954 Kalamazoo
Research, Kalamazoo, Mich., 	 1960
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respect to the three adjusted tables for California,
Los Angeles, and San Francisco.
Since a flow table was not available for St. Louis,
it was necessary to convert the table of technical
coefficients into a flow table. This was done by
multiplying by total sales as given in the study.
Employment to sales ratios were then computed, and
these were multiplied by the respective flow data.
The five adjusted flow tables, expressed now in
terms of employment, were next converted into tables
of technical coefficients, and inverted on an electronic
computer. The inverses, namely (I—E) -1 , were cal-
culated from tables which did not include household
consumption and primary inputs.
To facilitate comparisons with multipliers derived
by other approaches, an "overall'' or "average" multi-
plier is computed for each region (table VI). This
overall or average multiplier is derived by weighting
the multiplier of each industry by percentage share
of total employment. Aggregating the multipliers of
the different industrial categories detracts considerably
from the value of an input-output study.
Table VI. Average Employment Multiplier
(Sectors weighted by employment)
California ___________________________ 1.52036
Los Angeles _________________________ 1.36579
San Francisco ________________________ 1.33161
St. Louis	 1.34032
Kalamazoo __________________________ 1.08311
CONCLUSIONS
In bringing this paper to a close, I would like to
make a crude comparison of multipliers derived by
the several techniques discussed. For this purpose, I
have prepared table VII. Column 1 of table VII
presents the unadjusted economic base employment
multipliers, as given in table II. Column 2 of table VII
lists these multipliers after they are adjusted such
that investment and government expenditures are
treated like exports. Columns 3, 4, and 5 list average
multipliers derived from the first multiple econometric
model discussed in simple econometric models. The
bottom parts of columns 6 and 7 list selected marginal
multipliers derived from the same simple econometric
Table VII.—Comparison Between the Values of Various Multipliers
Simple econometric multipliers
Economic base * Input-output
Average Marginal
Via urban Via comple- Without WithAdj. for oriented mentary Total house- house-invest. industry industry E Via com- hold hold& govt E. E, E, plementary
Unadj. expend. Eo E, industry Total effect effect
( 1 ) ** ( 2 ) ** (3) *** (4) ** (5) ** (6) *** (7) ** (8) >:*
(9)
California ----------- 5.21 2.46 4.448 0.076 5.524 _________ ------ 1.52 _______
Los Angeles SMSA____ 3.42 2.14 4.021 0.101 5.123 _________ ------ 1.37 _______
San Francisco SMSA__ 3.65 2.01 5.446 0.105 6.552 _________ ______ 1.33 _______
St. Louis SMSA______ 3.65 2.81 3.814 0.067 4.882 --------- ------ 1.34 2.743
Kalamazoo 1.88 1.33 1.845 0.154 2.999
--------- ------
1.08 (income
New York-Philadelphia multi-
study: Isard- plier)
Schooler---------- ------- ------- -------- --------- _____-__ -________ ______ ______ 2.032
East-Ind'I 2.15701For 47 SMSA's Belt
232 Cities: Czamanski_ -------
----
_____--_ 0.23119 5.59886 __0.11726	 2.31765 __ West Coast 2.26460
0.20613 Rest of U.S. 2.23197
* lsard and Czamanski calculations.
* Figures in these columns do include the original unit increase in employment in basic industry
** Figures in these columns do not include the original unit increase in employment in basic industry.
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model. Column 8 records the input-output employ-
ment multiplier. Column 9 lists multipliers from
two input-output studies which incorporated the
household income effect.
It now appears that (1) the economic base multi-
plier after adjustment for investment and government
expenditures, (2) the input-output multiplier (in-
clusive of household-income effect) and (3) the mar-
ginal simple econometric multiplier are generally of
the same order of magnitude. Except for Kalamazoo,
the range of the multipliers is between 2 and 3.
The data for St. Louis in columns 8 and 9 of
table VII suggest that inclusion of households within
the structural matrix roughly doubles the multiplier
effect. Accordingly the multipliers in column 2 (which
take into account household income effects) become
comparable with the multipliers in columns 8 and 9.
Hence, columns 1, 2, 8 and 9 may be said to be
roughly comparable. The marginal multipliers in
columns 6 and 7 are the same order of magnitude as
the input-output multipliers (columns 8 and 9), and
so may be said to be comparable with the multipliers
in columns 1 and 2 as well.
Finally, for the state of California the multipliers
in columns 3, 4, and 5 may be considered comparable
to the unadjusted multiplier in column 1. Both em-
ploy a more restricted definition of basic industry.
In one sense then, the multipliers on the whole
are roughly comparable, certainly more so than ap-
pears initially. On the other hand, I must admit that
I was not unbiased in my manipulations. As do most
social scientists I seek to discover regularities and
consistencies for a given theoretical framework. Thus,
these numbers may reflect this search and not a real
consistency. They are presented for what they are
worth.
The second observation concerns the tendency for
there to be an increase in the size of the multiplier
with increase in size of the region studied. This is
more or less true of all three types of multipliers.
The effect is most pronounced and at the same time
most difficult to explain in the economic base type
multipliers. Why should a unit increase in basic
employment cause an overall increase in employment
of 1.88 in Kalamazoo and 5.21 in California? Or,
rejecting Kalamazoo as too small, how can the dif-
ference of 1.79 between the Los Angeles SMSA and
California be explained?
Clearly, these questions cannot be adequately an-
swered without a thorough discussion of the theory
underlying the definitions, models and specific proce-
dures presented above. Such discussion is beyond the
scope of this paper. These questions also remind me
that all three models examined are essentially mathe-
matical devices. The size of the multiplier effect
derived and the justification for the use of one model
as against another depends primarily upon the prob-
lem at hand, data available, and the time and the
resources which the analyst can command.
DISCUSSION
S. W. Herwald
Arthur M. Weimer
Walter Isard
QUESTION: I have a question for Dr. Herwald.
When you get the satellite up in the air circling the
Earth and you collect the energy from the Sun, what
is your means of transporting the energy to the Earth?
Will it be by radiation, will it be direct, or will it be
transposed into another form of energy?
HERWALD: I had not realized I said anything
about a satellite, but if you want to call it a satellite,
that is good. The scheme that we looked at is, either
fortunately or unfortunately, the only one that we
understand—to transmit a microwave link back. The
economics of this look like an order of magnitude
out right now. The other one was just rebeaming
the energy, not trying to do the power conversion up
there, but just capturing some more and deliberately
putting the station in a place open most of the time.
This does not look either immediately possible or
unattractive, but if it can be rebeamed with a suffi-
ciently large area, I think some of the conversion can
be done on the ground where it might be easier.
QUESTION: M. G. Cooper, from Air University.
First of all, Dr. Herwald, if you are going to raise
the temperature level in the Antarctic, you are going
to melt some water. If you melt water, New York,
New Orleans, Mobile—particularly Mobile—are go-
ing to find water they were not wanting, and at a
high level. I am sure you have an answer! And,
secondly, when we speak of surveillance from space
for agricultural purposes, such as forest count or
areas of high vegetation, this sort of thing. Surveil-
lance also means you're going to overfly property of
someone who doesn't want to be overflown. Again,
maybe your international cooperation is going to take
care of this, but would you enlarge on those two very
exciting areas?
HERWALD: Let me answer the first question be-
cause it is subject to engineering analysis, at least in
gross form. In projecting the desalinization program
that is required to get water for people—again it
comes back to the people program—a big problem is
that unless the water is, in effect, reprocessed and
returned to where it was before, which we are not
doing currently, the water levels will be lowered in
a lot of areas. You went way further than I had
contemplated, for the real truth is that we would be
lucky if we could melt enough ice and snow to make
up for the water that we are now diverting for other
uses. The problem is to keep the levels from going
down rather than to prevent their coming up to take
out Mobile. I think that if we had such a process
in effect and under control, the international implica-
tions would be tremendous. I noticed that you men-
tioned only the areas close to home—I am sure that
the Dutch would be very unhappy—so it is really
a tough problem. I used the Arctic as an example
because it has so much water stored and visible. I
think that far more important, if we really can direct
some of this power, would be to try to get the tem-
perature raised in some of the areas where there is
an abundance of rainfall—for instance, on the west-
ern slope in Seattle and Oregon—to try to put it
down in other areas that might then become agricul-
turally desirable. Now that has implications of the
people in—never mind the international aspects—but
the people in Washington and Oregon might not like
that experiment.
Now the second question! I am sure that anything
we talk about doing in space, sometime in the future,
must have international cooperation or it will not
occur, because sometime soon—maybe in the next
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ten years or less—if some government does not like
a satellite that is overflying its territory it is going to
take down that satellite. So anything I have said is
premised on the fact that what is overflying a terri-
tory is there because people feel it is to their advantage
to have it there.
QUESTION: John Conover, from the Air Force.
We have talked a good deal about the several prognos-
tications that have been made about the population
growth to the year 2000. Have any prognostications
been made as to the funds available for space research,
exploration, and utilization, say in the year 2000?
Will we be fund limited or will technology provide
the region for growth to make these things possible?
HERWALD: In a gross sense, that one is strictly,
again, a people question, because when we say fund
limited, we are really talking about effort limited.
It really means that Congress, the President, or some
other authority decides how much of the Nation's
energy is to be put into a particular project. Now,
that is not limited except by people choice, so when
we get it in terms of dollars we sometimes lose
sight of the fact that dollars can only pay for effort.
The effort is not limited; it is the choice of the people
in limiting how much is to be applied, and I
surely would hate to have to tell whether or not
we are going to be effort limited in that period.
ISARD: Well, I could make one or two comments.
It seems to me that there is a wide range of possible
levels of expenditures, space expenditures. Not only
is there the range that is possible in terms of Fed-
eral Government sponsorship, but as new industries
become creative and, in turn, become more research
and development oriented, they, in turn, will allot
more and more funds for research investment pur-
poses. So it does not seem inconceivable that as
much as 10 percent of our gross national product
in the year 2000 might be devoted to space and
allied research. What is our current GNP? Well,
let us say it might be a trillion dollars, even more
than a trillion. In other words, I could see that a
hundred billion dollars might easily be expended
by both Federal Government and industry in this
area.
QUESTION: The title of your paper, Dr. Herwald, is
"Industrial Opportunity." We were just talking about
this $100 billion. From an industrial opportunity
point of view, would you predict that the majority
of this $100 billion might come from industry, or
do you consider this more nearly a Government
responsibility and, therefore, the major dollars might
have to come from Government sources?
HERWALD: If any of the things that I speculated
on really happen, they will happen because it is
more economical to do things that way rather than
doing them some other way. I think I agree with
what was said here, that if space is really useful
to the people—forget about the industry, but useful
to the people—the economics is going to be such
that there will be ordinary plowback of industrial
R&D of the type that was mentioned, I think, in
a far greater amount than if space has only limited
surveillance usage or maybe transport use. I think
that if it is strictly for reconnaissance as such, whether
It is military or nonmilitary, the dollars will come
mainly from the Government to make sure that we
are pursuing it diligently enough, to make sure we are
not missing a future bet. The thing I cannot tell you
is the time scale of how many years it's going to
take to where it's worth something. But once you
get to that point, I think it's going to be more
of a pay-as-you-go kind of thing in which the dollars
are going to be plowed back because it's economic
to do it and make it far more useful to people. Now,
to guess whether the hundred billion in 2000, I
wouldn't be surprised that a good guess 'is maybe
50-50.
QUESTION: On the split of the hundred billion
that you-
ISARD: I think you see already Dean Weimer has
told me my figures are really conservative. I gather
that our estimated GNP in the year 2010 will be
around $3 trillion. So that when we speak of a
hundred billion at 3 percent, we are being much too
conservative. Even if that were just the Federal share
of it, I think one might think more in terms of $300
billion from the United States alone, keeping in
mind that the Soviet economy is coming along very
rapidly as are other economies in the Western Com-
mon Market area. In terms of the world, that could
be easily doubled to something like $600 billion of
today's GNP. Well, we need to be very imaginative!
QUESTION: Well, my main point was that I do
not think any of us are really skilled in getting
the feel of what is going to happen in the future.
ISARD: This points out the reason for these so-
called long-run multipliers that I have been talking
about. I am sure some of you must react to these
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as too large, but they should actually be larger than
the ones I mentioned.
QUESTION: I am Henry Wells, with the Air Force.
One thing that has intrigued me about space is the
possibility of developing a phenomenon, a force,
or a concept of some sort which would tend to negate
the value of combat. Do you foresee any break-
through in space technology beyond the nuclear
warfare techniques which we now maintain for world-
wide peace?
HERWALD: That is an interesting question because
I do not consider it a technical question. It is a
philosophical one of how to explain how one indi-
vidual can persuade one group of people into think-
ing something is true while another individual can
persuade another group of people to think that some-
thing almost 180 degrees from that is true. I am
not sure that it makes any real difference whether
we are discussing nuclear weapons, old-time bombs,
or bows and arrows. The problem is strictly one
of how far we have advanced in the nontechnical
areas, in getting people to decide whether knocking
each other out is the best way to settle their differ-
ences. Sure space can help! I believe that on an
international scale we have the best automatic policing
system, if we want to use it, that we have ever had.
This would go far if people want a police system,
but if they do not want one, what can we do about it?
As I have said, anything that is associated with
really universal use of space must eventually rest on
whether at least a high percentage of the people sit-
ting on the world at that particular time decide it
is more to their advantage to use it than not to use
it. Any government that thinks that anything maneu-
verable is offensive is going to try to find a way of
taking it Out of the sky. If, on the other hand, it
seems to be advantageous, the government concerned
will try to keep it there, to make it better, and to
have it serve more purposes.
WEIMER: This is a second-hand comment in a
way. Professor Boulding at the University of Michi-
gan groups such relationships between people or
groups of people in three broad levels. One he calls
the threat system which is, "You do something nice
for me or I'll do something nasty to you." This
is the essential level of international relations at the
present time. The second area is the mutual benefit
area which is essentially our trade, our enterprise
system, and this is characterized by, "You do some-
thing nice for me, and I'll do something nice for
you." The third, in part, is what he calls the inte-
grative system which is not so easy to characterize,
but which includes the broad range of historical
development, customs, institutions, status relation-
ships, ego relationships and the like, that grow very
gradually. Probably our hopes are in the last two.
We are making some real gains in the second one.
The third one is slower, and I would, therefore, be
a little less optimistic that this will be achieved soon,
but I think we are making progress.
QUESTION: I am Vogel of the Austin Company.
Dr. Herwald, your interesting projections into the
future seemed to outline one other area—that we are
going to be accumulating data at an ever increasing
rate, making Dr. Isard's factor seem very small.
Probably we will have the computers and the elec-
tronic equipment to analyze these data. How would
You think humanity might, being limited as it is,
find the means to interpret all of these data that will
be collected ?
HEawALD: That is a real good question, because
we have it right now. There is great difficulty right
now in the business world, for example, in absorb-
ing the data that come out of these confounded ma-
chines that are supposed to help us. And there are
a lot of people looking at the problem of how to
do the screening of that which is significant. In
other words, what most people looking at data really
want to know is how these data differ from what was
expected ? The thing that overwhelms them is that
they have to look through reams and reams and reams
of data to find anything useful. There are a lot of
people working today on programming what I would
call the exception rule that everybody operates on.
In other words, when one scans by eye or does
anything else, he normally stops it on something
that attracts his attention because it is what he is
looking for. We will have to develop some kind of
sequence of doing this, a sequence which automati-
cally takes these reams and reams and reams of data
and only flags our attention to that which it thinks
is of interest to us. I think there will be a lot of
progress in that area in the not-too-distant future,
mainly because we are already in that state of affairs.
QUESTION: Dr. Herwald, granting the possibil-
ity, as you said, of reflecting excessive heat on polar
regions, is the converse possible? Could we deflect
heat? I am thinking particularly of the large arid,
overheated areas in South America and, possibly,
Africa, where deflecting heat might open up a large
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agricultural area. Also, would it be possible to move
those cloud formations westward as well as eastward ?
I am also thinking of the large arid coastal lines of
Peru and Chile.
HERWALD: I wish I were good enough to answer
those questions because I had a lot of trouble putting
myself in a position of even speculating that it could
be done one way where I knew where the source
was coming from. As an individual, I do not see how
heat can be reflected back with any great ease. This
does not mean it cannot be done, by a long shot.
It is just that I do not happen to see it. I think that
the areas of the clouds are the ones that have the
most interesting long-term possibilities, if we can
put small amounts of energy in them. My weather
friends tell me that the energy balancing kind of things
are subject to working on with relatively small amounts
of differential energy. So I would really offer more
hope in that area maybe, that you can do something,
than the other. Again, developments are highly de-
pendent on people. People have as an inalienable right
established over generations that anybody who wants
to change the laws of nature around them is subject
to, as a bare minimum, civil suit.
QUESTION: My question is for Dr. Herwald.
Could you please cite some figures on the water loss
you mentioned throughout the world and, also, tell
where the water is going.
HERWALD: It is not a loss. I hope I did not leave
that impression. The gross amount of water inside
the envelope stays the same, but in places like
southern California, for example, just the amount
that is being pumped out for irrigation is dropping
the water table, and that is a redistribution of
the water. As a matter of fact, the last survey I saw
indicated that for quite a while in the U.S., which is
one of the more fortunate countries, the amount of
water that comes down is more than that which we
use, but it is in the wrong place. We need the dis-
tribution water table change in localities. Certain
specific areas have a problem in the distribution of
water. The total envelope stays the same unless
there is some escaping out of the Earth's atmosphere
that I do not know about.
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From the standpoint of hardware production for
exploring space—this new ocean—St. Louis is
preeminent. Two hundred years ago Pierre Laclede
Liguest, French fur trader, established his post here
on the banks of the Mississippi. That action could
be considered the free enterprise of space exploration
of those early days.
Being traders, supported by missionaries, these
good people then, too, were vitally interested in the
promotion of peace. They knew also that it could
determine their future. The space in question was the
vast uncivilized areas west of the Mississippi, starting
from this new trading post which became the City
of St. Louis.
Canoes have been replaced by barges, railroads,
airlines, and now the space capsule, which was made
in our town, and of which we are all so proud.
As Laclede stood under the stars waiting for the first
of the fur-laden canoes to glide down the river, he
could have known nothing of these planes or cap-
sules, of an urban area of some 1 500 000 people,
of the industry and commerce that would be involved
therein.
But he did know that his trading post would bring
others, that the land would be cleared, that a town
would grow. He must have believed also that the
great wilderness would eventually be conquered, and
that peace, and a rule of law, would come to the land.
So we, too, today believe—indeed, we know—that
our relatively simple beginnings in space will lead to
developments vitally important to the future of man-
kind; and these developments will occur in much less
than 200 years. As an example, the dean of the elec-
tronics industry in this country, David Sarnoff, with
whom I served on the Board of the Radio Manufac-
turers Association nearly 40 years ago, recently stated:
The time will also come when an individual carrying a
vest-pocket transmitter-receiver will connect by radio to a
nearby switchboard linked to communications satellites and
be able to see and speak with any similarly equipped indi-
vidual anywhere in the world. Each instrument will have
a decoding unit, responsive to only one of a billion or more
arrangements of pulses, similar to today's personal telephone
number. In the higher frequencies of the radio spectrum,
and in controlled light beams, the channels available for
such personal communications will run into billions.
Because of the telescoping of time and space
during the past 20 years it became clear that the
full fruition of this communications revolution could
be attained only through further concentration and
centralization, in private business as well as in
Government.
Accordingly, on February 7, 1962, President
Kennedy sent a proposal to the Congress recommend-
ing the establishment of a privately owned communi-
cations satellite corporation. At that time the Presi-
dent stated,
The actual operation of a communications system would
provide a dramatic demonstration of our leadership in the
area of space activity, as well as our intention to share the
benefits of space for peaceful use, and the ability of our
Nation and its economic and political system to keep pace
with a changing and complex world.
Three years later, on May 2, 1965, television
viewers in this country, Canada, Mexico, and many
of the countries of Europe simultaneously saw in their
own homes, the inaugural program of the Early Bird
satellite. This latest satellite will soon be used for
routine telephone calls across the Atlantic Ocean,
this development, in turn, a result of the "Com-
munications Satellite Act of 1962," an Act which
authorized the first commercial use of space. This
1962 Act was in part possible because of the long
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history of private enterprise in the communications
field.
Communications in one form or another is as old
as the recorded history of mankind. The era of
dynamic international communications, however,
waited until August of 1858, when the first inter-
national telegraph cable went into service across the
Atlantic. Queen Victoria sent her congratulations
to President Buchanan, who cabled a greeting in
return.
That first cable did not last long. Eight years later,
however, one finally became successful, and the two
continents were linked together in message com-
munications.
On December 12, 1901, there arrived the first
telegraph message by radio across the Atlantic. Before
that, in 1892, the first long-distance telephone call
was made, from New York to Chicago; and in 1956,
service began over the first trans-Atlantic telephone
cable.
One year later all the world was startled by the
successful orbiting of the first Sputnik. That achieve-
ment changed forever many previously held tenets,
including all known plans and programs for national
defense, along with former concepts of communica-
tions development.
A year after Sputnik I, a talking Atlas missile
brought the President's Christmas message. Four
years later the Congress authorized a corporation to
exploit communications satellites, and during that
same year the Telstar satellite demonstrated the po-
tential of satellites in international communication.
Telstar was followed in rapid succession by the Relay
and Syncom satellites.
Against this background of rapidly moving tech-
nology the established communications corporations
had been considering a private venture in space com-
munications. The Government desired, however, that
this new technology be used not only for private prog-
ress and profits, but also as an instrument which
would increase the chances for permanent world
peace through better international understanding.
The Government knew also that the Department of
Defense was very anxious to develop a communica-
tions satellite system in recognition of its own chang-
ing needs.
In order to consider all these factors, the 87th
Congress thereupon held extensive hearings related
to a Satellite Act. I served with interest on the Com-
mittee that held the hearings.
We gave all interested parties an opportunity to
present their comments; and the Act, as finally
drafted, represented a unique charter designed to
promote private enterprise in space. It declared that
the policy of the United States was to establish, in
cooperation with- other countries, a commercial com-
munications satellite system.
It is of great significance that, to date, the Satellite
Corporation has closed agreements with 45 nations.
Through joint ownership, and joint use, of this new
technology there will be an unprecedented exchange
of information and ideas among scores of nations.
We would hope that some day this would be true of
all nations.
Already there have been international satellite dis-
cussions carried on by recognized world figures.
These leaders of many nations spoke directly into the
homes of millions. Live telecasts of such discussions
and of news events, sports, and cultural functions,
will become an everyday occurrence.
Despite this tremendous step forward, however,
we are still only pioneering in space, just a little
beyond the "trading post" era of this vast new wil-
derness. But we hope that, in concert with our inter-
national partners, we will be able to look back to the
fact that these communications satellites furnished a
significant contribution to international understand-
ing, and therefore were a major contribution to world
peace.
It is all moving rapidly; in fact, by 1967, a fully
global system will be available. Then the world will
be linked together by means of a communications
capability unprecedented in the history of mankind;
and we have stated to all that it shall be our policy
to make this new capability available for the benefit
of all.
Our Country, and other nations who believe in
freedom, are now engaged in a world-wide struggle
for the minds and hearts of the people of all countries.
This space communications system will be important
to that end because, in the final analysis, peace among
the nations of the world will depend on mutual in-
terest and understanding. Better international com-
munications are bound to contribute to that under-
standing.
Three hundred years ago, in 1665, John Milton
stated our present hopes well when he said in his
most famous poem:
Good, the more communicated,
the more abundant grows.
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In a conference on the peaceful uses of space,
some portion of our time can be profitably devoted
to reviewing the technical imponderables with which
we will be faced in the future in exploring space.
This is my assignment and the purpose of this paper.
I would commence by admitting that there are
many perils in prophesying our future capabilities
in space. Engineers and scientists have not often
distinguished themselves as prophets. There is a
general tendency on their part to overestimate the
near term and grossly underestimate the long term.
On the other hand, a good research director should
be capable of reasonably accurate short-term predic-
tions of new developments since today's research
must be keyed to these developments.
Mankind has entered an era when science and
technology can do a vast multitude of things, many
of which society may not necessarily wish to do
for social, economic, or political reasons. Scientists
and engineers are, therefore, fitted only to prophesy
options for the future. Other important judgments
must be made as to which of the many technological
options available will, in fact, be chosen.
A pattern for progress in space is one of providing
options for future space exploration through advanced
research and technology, on the one hand, and of
later selecting and applying those which appear
promising, on the other. Through such a pattern,
rapid progress has been shown to be possible. With-
out such options, progress virtually stops. For ex-
ample, the technology of hydrogen-oxygen propulsion
was developed by the Lewis Laboratory of the
NACA in the early 1950's and thus provided an
option a decade later for cryogenic upper stages of
launch vehicles in the Nation's space program.
My remarks, with respect to space technological op-
tions, are really nothing more than an extension of
what we have known for many years about scientific
knowledge. This was once succinctly stated by Dr.
Lee A. DuBridge, President, California Institute of
Technology, when he said, "We have never been
able to predict in advance what the usefulness would
be of new knowledge about the nature of the physi-
cal universe. All we know is that, by and large,
new knowledge always has proved useful—and often
it has proved useful in the most unexpected and
unforeseeable ways.''
Progress in space capability has been rapid. Our
first satellite weighed 30.8 pounds. In the Saturn
development program, the weight in orbit has already
been increased over a thousand times or three orders
of magnitude. The development of Saturn V will
increase this another order of magnitude; and with
the Apollo spacecraft, giving us the capability of
placing 45 tons in lunar orbit, will permit space
operations to the surface of the Moon. Today, an
instrumented probe, Mariner IV, is on its way to
Mars. Beyond these, we can imagine permanent or-
biting laboratories, exploration of the Moon, manned
voyages to the surface of near planets, stations or
observatories out of the ecliptic plane, and probes
to the Sun and deep space.
The technological innovations needed to achieve
these ends are principally in the areas of very light
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structures and equipment; efficient conversion of
solar, chemical, and nuclear energy for propulsion
and electric power generation; accurate guidance,
controls, and communications; and reliable operation
for long periods of time in the space environment.
The drive for very light structures has led to in-
tense work on new materials. Man's progress has
always been linked closely with materials, but no-
where are materials more important than in space
flight, where every pound added escalates into a large
burden for the propulsion system. We seek light-
weight materials that can withstand temperatures
as low as —420° F, that must contain gases as hot
as 10 000° F, and that will stand up under the stresses
imposed by the rigors of flight.
Fundamental understanding of such properties
as mechanical strength, ductility, and fracture are
only now envolving. As we increase our knowledge
of the forces bonding nuclei together and holding
c l e-trons in their allotted position, it will be possible
to reassemble these basic units into new materials
that are beyond our ability to imagine. Flight tech-
nology has required materials with greater resistance
to heat. The step to the planets is exceptionally dif-
ficult because the high return entry speeds will heat
materials beyond their working limit and, in some
cases, beyond the melting temperature of our common
alloys. What is more, these applications require
materials that will retain their mechanical properties
for thousands of hours, that will not burn or oxidize,
that are compatible with new chemicals, and that
are stable in the vacuum and radiation of space, and
resistant to micrometeoroids.
You may be interested in a summary of our prog-
ress during the past year in improving the tempera-
ture capabilities of materials. Each of the bars shown
by figure 1 represents the improvement that we have
made through research during the year.
The lowest bar of the chart, for example, shows
the improvement in the thermal stability of polymer
films. Teflon is a familiar example of a polymer
which is an organic compound with a very high
molecular weight. We are interested in polymers
for space applications such as lightweight flexible
structures and electrical insulation. Thermal stability
is an important property of polymers for there is a
temperature limit beyond which they decompose.
We have succeeded during the past year, at our
Langley Research Center, in expanding the limit of
their usefulness from 750° F to about 1100° F, as
Thermionic emission
(vaporization)
Refractory insulation
Iconductivityl
Refractory metals
(strength retention)
Oxidation-resistant alloys
for space (evaporation)
Polymer films
(thermal stability)
1000	 2000	 3000	 4000	 5000	 6000
Temperature, °F
FIGURE 1.—Improvement in temperature capabilities of
materials. Shaded areas represent improvement made in year.
illustrated by the shaded region of the lowest bar.
Oxidation-resistant alloys such as those of nickel
or cobalt (for example, Inconel) are attractive for
use on our spacecraft at moderately high temperatures.
Progress in this area is illustrated by the second bar
from the bottom of the chart. Through basic studies
on the rate of loss by evaporation of certain strength-
ening components of the alloy, we have succeeded
in substituting more effective elements. These new
alloys do not vaporize as readily but provide equal
strength, thus allowing us to increase the upper
temperature limit at which they may be used from
1700° F to 2050° F.
The remaining three bars illustrate corresponding
improvements in other high-temperature properties of
refractory materials.
A key area of technology in space flight is that
of entry into the Earth's atmosphere, and landing
at a desired location. The successful accomplishment
of this phase of flight stretches the boundaries of our
knowledge in aerodynamics, gas dynamics, heat trans-
fer, and materials. The speed, angle of entry, and
shape of the reentry vehicle are critical factors. If
the entry angle is too low and speed very high, the
spacecraft is not slowed sufficiently by frictional drag
of the atmosphere and it will continue on past the
Earth into space. If the entry angle is too high and
the speed high, the spacecraft penetrates the atmos-
phere too rapidly and the friction and heat generated
will melt the spacecraft. The problem is to slow
down without excessive heating. Entry speeds from
Earth orbit are on the order of 25 000 feet per second;
from lunar missions, about 35 000 feet per second;
and from planetary missions, 40 000 to 70 000 feet
per second.
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Figure 2 portrays the three principal areas of re-
entry research that we are engaged in today at the
Ames, Langley, and Flight Research Centers; namely,
configuration studies, heat transfer, and structures and
materials.
In configuration studies, the blunt body used for
the Mercury, Gemini, and Apollo spacecraft was
first postulated by Allen and Eggers of the Ames
FIGURE. 2. NASA reentr y research.
Research Center on the basis of work done by uni-
versities and Government laboratories. Our work
has progressed to the other shapes shown, including
"lifting bodies" that can land in the manner of an
airplane once safe reentry is accomplished. Figure 3
shows the landing area or "footprint" as a function
of hypersonic lift-drag ratio (LID) of a lifting
reentry vehicle. If LID is 1 or more, the landing
area is considerable. A light plywood lifting reentry
vehicle was built for landing tests. It is towed aloft
and the pilot glides back for a landing at about
60 to 80 knots. Numerous tests have proven the
landing feasibility of this configuration.
As shown in figure 2, the heat transfer of reentry
bodies involves shape and velocity of the body,
density and composition of the atmosphere, and the
transport and other properties of the gases at high
temperatures. The figure shows two shapes as they
would appear under test in hypersonic wind tunnels.
Materials and structures for reentry must provide
strength, resist the intense heat, and insulate the
interior of the structure from the heat. The figure
FIGURE 3.—Range capability in relation to hypersonic lift-drag ratio.
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illustrates an ablative material that chars on heating
for the forward section and a typical reentry structure.
There is a strong interplay between aerodynamics
that produce heat and the properties of the material
of which the reentry vehicle is made. Some materials
become so hot that radiation will greatly augment
the convective transport heating. For example, abla-
ting material made of polycarbonate will cause heating
several times as great as will material made of
polyethyline.
Because of the importance of radiative heating
't reentry speeds greater than 25 000 feet per
second, there is now a strong suggestion that slender-
nosed bodies rather than blunt-nosed configurations
may be the proper design for reentry at these exces-
sive speeds.
For some time there have existed strong Govern-
ment-university-industry teams in the program on
reentry technology led by the Ames, Langley, and
Flight Research Centers. At the present time, 8
different companies and 11 universities are involved..
This work is providing the technology needed for
our next step in manned space flight capability.
The state of technology in every age has depended
on man's ability to convert and to control energy.
The intensive development in chemical propulsion
in the last 10 years has given us the power needed
to carry useful payloads into space. Chemical pro-
pulsion will continue to play a large role in the mis-
sions of the future. We visualize it as the best
method for lifting payloads into Earth orbit and
for landing and departing from extraterrestrial
surfaces.
Last year a complete rocket engine using hydrogen
and fluorine was successfully tested for the first time
by the Pratt & Whitney Aircraft Division of the
United Aircraft Corporation. This work marks the
culmination of over 15 years of experimentation by
universities, Government laboratories, and industry
using fluorine as the oxidizer. Hydrogen and fluo-
rine offer considerable promise as a high-energy pro-
pellant combination for missions requiring very high
velocities such as solar probes.
The tests were made using the modified RL-10
engine designed for hydrogen and oxygen, shown
in figure 4. This use of existing hardware represented
a substantial savings over the cost required if special
test equipment were built. In all, 13 tests totaling
600 sec were made with two engines over a range
of test conditions.
FIGURE 4.—Hydrogen- fluorine engine tests.
a. Engine firing. 13 tests on tuo engines. 600-sec opera- 	 6. Engine after 227-sec operation. Thrust: 15 000-
tion. 92-96% theoretical performance.	 20000 1b. Pressure: 300-400 Asia. Mixture ratio:
4-12.
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In addition to our interest in more energetic chemi-
cal propellants, we are studying a whole new class
of propellants that are more storable in space than
oxygen and hydrogen. These propellants will allow
us to operate chemical propellants after months of
space voyaging such as a landing or takeoff from
Mars. Oxygen-fluorine mixtures used with light hy-
drocarbons or diborane are examples of propellants
in this class.
We foresee the need for much larger launch vehicles
than the Saturn V if we are some day to mount a
manned expedition to Mars. We have technical
work under way on advanced high-pressure chemical
engines for this purpose. We are also working on
new combustion-chamber shapes and new nozzle
concepts to develop the technology needed for launch
vehicles with thrusts of 20 million pounds or more.
We believe that chemical propulsion has reached
maturity as a propulsion system. The additional work
needed is in the nature of increasing efficiency; re-
ducing weight and size; increasing operating versa-
tility, reliability, and life; and reducing cost.
The next step increase in rocket performance will
come about through the use of nuclear energy. It
has been only 23 years since Fermi and his group
of scientists and engineers produced the first self-
sustained chain reaction in a nuclear reactor. Today
we see the beneficial effects of this energy source in
the fields of medicine, agriculture, electric power
generation, and underwater propulsion.
We are hard at work harnessing nuclear energy
for propulsion and electric power generation in space
in cooperation with the Atomic Energy Commission.
Nuclear propulsion, employing a solid core reactor, is
twice as energetic as the best chemical propulsion.
In advanced forms employing solid or gaseous core
reactors, nuclear rockets are three to five times as
energetic as the best chemical propulsion.
Nuclear rockets are potentially useful for flight
beyond the Earth's atmosphere including advanced
lunar missions, manned planetary missions, and
unmanned probes to the far planets or close proxim-
ity to the Sun. As previously mentioned, we look
to nuclear propulsion as the most feasible means for
manned landing on Mars if and when this becomes
a national goal.
Last year there were successful tests at high power
and temperature of three reactors in the nuclear rocket
program. These were accomplished by the joint
efforts of the Los Alamos Scientific Laboratory, the
Aerojet-General Corporation, and the Westinghouse
Electric Corporation. They developed a thrust as
high as 57 000 pounds and a specific impulse as high
as 765 seconds. These tests constitute a major mile-
stone in nuclear technology in that they demonstrated
for the first time that nuclear rockets can deliver the
high performance that has been predicted for them.
Figure 5 shows one of these reactors that was success-
fully tested.
The reactor tests were made at the 1000 megawatt
level. Our mission studies indicate that a 5000 mega-
watt reactor size would be very useful as a propulsion
module for future missions. Preliminary designs of
this larger reactor have been completed. We will
approach this reactor development in two steps: first
by testing for increased performance with 1000-
m=gawatt-size hardware, and then by testing with the
larg-r reactor at 5000 megawatts.
Parallel to reactor development is work at the Lewis
Research Center on critical nonnuclear components
such as the nozzle, turbopump, and controls, and the
integration of these components into a working rocket
system. The nozzle design for cooling, for example,
must cope with temperatures in the range of 4000°
to 5000° F while the liquid hydrogen entering the
cooling passages will be 400° below zero.
In addition to graphite core reactors, work is under
FIGURE 5.—K11Y,1-B4E reactor test at Test Cell C.
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way, at a modest level, on a reactor where tungsten
is used as a uranium-bearing material. A tungsten
reactor has advantages of flexibility of reuse, long
operating life, and light weight.
Beyond solid core reactors on the energy scale are
reactors that use such ideas as dust beds, liquid core
reactors, and gaseous core reactors. These seek to get
around material limitations and use higher tempera-
tures to produce more thrust per pound of propellant
consumed. The gas core reactor, for example, main-
tains the fissionable material in gaseous form so the
hydrogen working gas can be heated by it to tempera-
tures above the melting point of solid materials. This
concept has many problems, however. We must learn
how to sustain a chain reaction with the nuclear fuel
vapor, transfer heat from the nuclear fuel vapor
to the hydrogen, and exhaust the hydrogen without
losing the nuclear fuel. These are very formidable
problems but our scientists and engineers thrive on
challenges such as these.
There is another group of advanced propulsion
systems that are of interest in specialized applications.
These are the electric types where the electrical power
comes from either solar energy (for small systems)
or nuclear electric power (for large systems) . Three
types of thrustors—electrothermal, electrostatic, and
electromagnetic—have promise and are being studied.
These propulsion units are characterized by small
thrusts—as low as a few millionths of a pound to
as high as perhaps 100 pounds. They are extremely
efficient and energetic—from 3 to 30 times as efficient
as the best chemical systems. They are relatively
heavy, however, so acceleration is very low. They
appear ideal for attitude- and station-keeping func-
tions where small thrusts for long periods are needed.
They also appear very attractive with and without
nuclear rockets for solar and deep-space probes and
planetary missions where time is not at a premium
and where very low acceleration for long periods is
acceptable.
In our electric propulsion program, 1964 saw the
resolution of a basic uncertainty over the feasibility
of ion propulsion for space applications. In the
SERT I (Space Electric Rocket Test) flight launched
from Wallops Island on July 20, 1964, the United
States conducted the first successful flight test of an
ion engine. Figure 6 illustrates the SERT I spacecraft.
During this flight, an ion engine was operated with
and without electrons injected into the exhaust stream
to determine whether or not the electrical charge
FIGURE 6.—SERI 1 spacecraft in free-flight configuration.
in the exhaust could be neutralized. This question
could not be resolved by ground tests because of the
unknown influence of the test chamber walls on the
results. The flight conclusively demonstrated that
neutralization can be achieved in space and further
demonstrated that the performance of an electric
engine in space can be closely correlated with the
data obtained from ground tests.
All space vehicles require electrical power for the
operation of communications, guidance and controls,
measurements and data processing, and life-support
systems. I have already mentioned the need for elec-
trical power for the electric propulsion systems. We
are working on electric power generation using chemi-
cal, solar, and nuclear energy sources. Each has
application in our program. Chemical sources such
as batteries and fuel cells are used for energy storage
and power for relatively short use periods. Solar
power, as exemplified by the familiar solar cell, is
best in the Venus-Earth-Mars environment.
When one travels closer to the Sun, from the Earth
to beyond Venus, the power energy decreases because
of the low performance of solar cells as the tempera-
ture increases. Such materials as gallium arsenide and
gallium phosphide are being investigated for use in
advanced solar cells to withstand higher temperatures.
Going away from the Sun beyond Mars, the solar
energy is drastically diminished and one naturally
turns to nuclear devices for power sources at these
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extreme distances. In nuclear systems, for example,
we have succeeded in demonstrating by tests in 1964
the ability of the SNAP-8 system to deliver its pre-
dicted performance. The SNAP-8 project has been
aimed both at establishing the development technol-
ogy for high-power nuclear-electric systems such as
ion propulsion and at providing a specific device
capable of delivering 35 kilowatts of auxiliary elec-
trical power for thousands of hours in space. During
the past year, various components in this complex
electric system were built and tested. These compo-
nents ran together in a loop for approximately 100
hours before the test was halted to permit inspection
of parts.
Along with materials and structures and energy
conversion, the art of measuring or sensing and then
using the data obtained to control the flow of energy
has evolved as a key technology area for space explora-
tion. Precise pointing and attitude requirements are
fundamental to improved capabilities in space. For
example, the gain-bandwidth efficiency of a synchro-
nous communications satellite is directly affected by
the accuracy with which the antenna can be pointed.
Although vernier-controlled small propulsion devices
are essential to high pointing accuracy, the most
critical element is the sensing device itself which
provides the attitude reference.
The accuracy required of these devices must be
about an order of magnitude greater than that of the
overall stabilized system. Sensors for pointing accu-
racies from 1 to 0.1 degree are within our grasp.
However, solar observatory requirements will require
10-3 degree and laser communications and long-range
astronomical requirements will approach 10 - ` degree.
Although star and solar sensors can be used to obtain
very precise pointing information, horizon sensing is
a more simple and direct method of attitude reference
for orbiting spacecraft. The accuracy of infrared
horizon sensors has been in the neighborhood of
1 to 2 degrees. The use of physical phenomena other
than infrared may be required to obtain the accuracies
Lip to 10-3 degree which will be ultimately required
for mapping and scientific data gathering and to
minimize communication power. Visible airglow,
Ultraviolet radiation, and radiofrequency radiation are
all possible phenomena for achieving this end.
Fundamental to all of man's undertakings is his
ability to communicate rapidly with precision. One
measure of our ability to communicate is the number
of bits of information that can be transmitted per
unit time. Today we recognize that about 5000 bits
per second must be transmitted for intelligible voice
communication and some 10 to 100 million bits per
second for high-quality television. Such rates are
achievable with today's technology between points on
the Earth's surface and near space.
However, at the heart of the difficulty of extending
this capability to deep space lies the fact that the data
rate capability for a given system varies inversely with
the square of the distance between transmitter and
antenna. For example, the capability of the Mariner
system transmitting from Mars is only of the order
of 1 bit each 5 seconds. The data rate of microwave
systems may be increased by increasing operating
frequency, antenna aperture, and power and by de-
creasing inherent noise in receiving systems. Improve-
ments of this kind, including the use of 2300 Mc
f reruencies and 210-foot antennas, may permit the
Mars-to-Earth capability of the Mariner system to be
raised to some 2000 to 5000 bits per second in the
early 1970's. This is, however, short of that needed
for real-time television transmission. It is question-
able whether conventional microwave techniques can
be stretched to the extent of providing real-time tele-
vision from Mars, in which case the use , of optical
communication systems must be developed.
Although much remains to be done, we believe
laser tracking and communication offers much promise
for the future. Calculations indicate that better than
a tenfold improvement in tracking accuracy is possible
over the best tracking techniques in use today. This
possibility, together with the promise of improved
communications, particularly over very long distances,
has prompted us to increase our efforts in laser
technology.
The Goddard Space Flight Center conducted the
first flight experiments during the past year aimed at
the use of laser technology for communication and
tracking. The Explorer XXII satellite, shown in
figure 7, is equipped with an array of small corner
reflectors designed to reflect a laser beam transmitted
from the ground. Explorer XXII was launched Octo-
ber 10, 1964, by a Scout booster from the Western
Test Range.
The laser transmitter and receiver, located at the
Goddard Space Flight Center in Greenbelt, Maryland
are shown in figure S. Tracking is accomplished
through a computer which alines the laser beam with
the predicted satellite position. The laser pulse starts
a counter that is stopped when the deflected pulse is
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FIGURE 7.—Explorer X111.
received. The oscillograph trace shown in figure 9
was taken during a tracking experiment. The reflected
pulse is shown at the extreme left edge of the trace.
Finally, I wish to mention the role of the human
in space and the equipment needed to sustain and to
protect him. We do not know man's capacity to
withstand or adapt to the rigorous demands of space
flight. We know the environment is the most hostile
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FIGURE 8.—Laser transmitter and receiver at Goddard Space
Flight Center.	 FIGURE 10.—Metal space suit.
FIGURE 9.-0scillograph trace made during Explorer X111 fl ight.
TODAY ' S RESEARCH SETS TOMORROWS CAPABILITIES
	
10)
one man has yet encountered—vacuum, extreme tem-
peratures, zero gravity, radiation, and meteoroids. He
will be in confined spaces for long periods of time.
The manned Mars voyage, for example, will take on
the order of 1,1  years and perhaps longer. We need
to obtain data on man's tolerances to this new
environment as well as to determine more accurately
the characteristics of the environment and its effect
on man.
We have research under way to measure man's
tolerance to the space environment. We are develop-
ing advanced life support and protective systems such
as space suits. An example of our work on space
suits is shown in figure 10. This space suit is designed
to provide protection and mobility for astronauts
when they leave the shelter of their spacecraft. The
contract work, with Litton Industries, managed by
the Manned Spacecraft Center, incorporates new
principles in suit design which allow man to manipu-
late freely with less expenditure of energy than is
now possible. This suit, fabricated principally from
0.030-inch aluminum, provides a greater degree of
meteorite protection than do the more conventional
flexible suits. A constant-volume design concept per-
rnits the use of rolling convolute joints which result
in lower resistance to movement in the pressurized
state. Tests over a range of internal gas pressures with
different gases have demonstrated the flexibility of
the joints as well as an unusually low leakage rate.
In assessing our growth in space capability in terms
of three steps from Earth to Earth orbit, from Earth
orbit to Moon, and from Moon to planets, it is
important to recognize that the first two steps rest
on essentially the same technologies. These are tech-
nologies which have evolved for decades and which
are familiar: Chemical energy conversion, relatively
common engineering materials, measurement and con-
trol systems generally consistent with aircraft and
ground technology, and microwave communications.
However, the third step will demand performance and
efficiency well beyond the first two. An entirely new
level of technology is needed: nuclear energy con-
version, new refractory materials, accuracy of sensors—
improved by orders of magnitude—and laser com-
munications. There are the underlying requirements
of higher reliability and longer lifetimes than have
yet been demonstrated, together with low specific
weight.
The requirement for improvement in this spectrum
of space-related technologies will drive them well
beyond their present level. The presence of difficult
goals can have a profound influence on Earth-bound
consumer products through the advancement of com-
mon fields of technology in addition to opening the
gateway to deep space. The NASA program of
advanced research and technology embraces most of
these elements at least in their fundamental forms.
Without this research the space program would soon
wither and die. With it, by the year 2000, an
enormous influence can be exerted on national prestige
and strength.
SCIENCE IN AND FOR SPACE EXPLORATION
Richard W. Porter
Consultant, Aerospace and Defense Group
GENERAL ELECTRIC COMPANY
In this session we are trying to think together for
a little while about the "impact" of space exploration
on science. "Impact" is a harsh word which perhaps
explains the extent to which it has become fashionable
in these harsh times. I have not consulted my diction-
ary because, having driven an automobile in heavy
traffic for many years, I have direct physical experience
with the word. I know what it means. In fact, all
of us who have followed the accounts of the embry-
onic stages of lunar exploration in the form of the
Ranger series obviously know what the commentator
meant when he triumphantly shouted, "Impact," after
an exciting sequence of pictures closer and closer to
the surface of the Moon.
In a way, I think this is an appropriate word to
describe the relationship of space exploration to
science, because I do not believe the ability of man
to send his instruments into space or to go there
himself will change the fundamental character of the
development of science any more than Rangers VII,
VIII and IX have changed the surface of the Moon.
"Science," to quote Albert Einstein, "is the attempt
to make the chaotic diversity of our sense-experience
correspond to a logically uniform system of thought.
In this system single experiences must be correlated
with the theoretic structure in such a way that the
resulting coordination is unique and convincing. . . .
The sense-experiences are the given subject matter,
but the theory that shall interpret them is man made—
hypothetical, never completely final, always subject
to question and doubt."
The earthy old editor of the Baltimore Evening
Sun, H. L. Mencken, seems to have understood the
true nature of science better than many of our modern
journalists, as is evidenced by this terse editorial of
April 6, 1931:
In the sciences hypothesis always precedes law, which is to
say, there is always a lot of tall guessing before a new fact
is established. The guessers are often quite as important as
the factfinders; in truth, it would not be difficult to argue
that they are more important. New facts are seldom plucked
from the clear sky; they have to be approached and smelled
out by a process of trial and error, in which bold and shrewd
guessing is an integral part. The Greeks were adepts at such
guessing, and the scientists of the world have been following
the leads they opened for more than two thousand years.
Unluckily, the supply of Greek guesses is now running out,
and so science begins to show a lack of imagination. What
is needed is a new supply of guessers. Mathematical physics
has produced a pretty good one in the person of Dr. Einstein,
but some of the other sciences seem to have none, and suffer
badly from that lack—for example, physiology. It has been
piling up facts for more than a century past, but the meaning
of most of them remains occult. If it could develop a Class A
guesser he would soon be one of its magnificoes, and of a
rank comparable to that of Du Bois -Reymond, Johannes,
Muller, Lavoisier, Malphighi or Harvey.
Science is not big rockets or manned space capsules
or automated telemetric cameras crashing into the face
of the Moon, fascinating as these things may be, any
more than it is giant atom smashers, electron micro-
scopes, or telescopes. To state it even more simply,
chemistry is not test tubes. But science can use these
instruments and conveyances to extend the range of
Dr. Einstein's sense-experience, thus doubtless adding
to its chaotic diversity. This is my first main thought
for the day. Second, the technological problems of
building such instruments and conveyances frequently
provide an incentive for scientific work which other-
wise might not receive prompt attention. These two
rather obvious points are the burden of my contribu-
IIo
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tion to this discussion. I shall try to elaborate them
briefly.
In general, the tools of experimental science are
the instruments used to extend the senses of the
scientist thus enabling him to observe phenomena
more acutely, and also the devices and systems which
lie uses to control or systematically modify the physi-
cal environments in which the phenomena are ob-
served. In this latter category should be included, I
believe, the means which are sometimes, used to
transport the scientist or his instruments to a place
from which observations can be made more advanta-
geously. Under some conditions, therefore, I suppose
one would have to classify the jeep as a "tool of
experimental science." I doubt if many experimental
geophysicists would dare to disagree! It is essentially
in this lowly category with the jeep that space vehicles
belong, when related broadly to science. Why then
do scientists consider them so important?
In order to answer this question, I would like to
refer to an analogy which I happen to like. In this
analogy, science is compared to a gigantic cross-
word puzzle, extending perhaps to infinity in all
directions. What we can see, hear, feel, smell, and
taste here on the surface of the Earth shows us only
a few squares of this puzzle and, although we can
begin to fill these in with words that seem reasonable,
we begin to be in trouble whenever we approach the
boundary of this little region. The whole structure
will be somewhat in doubt so long as any of the
squares remain blank, although, of course, this doubt
continues to decrease as word after word seems to fit
in correctly. The microscope and the telescope have
opened up large, new areas of this puzzle; electrical,
magnetic and thermal measurements still more. Par-
ticularly challenging parts of the puzzle were brought
into view by the spectroscope, the ionization gauge
and the Wilson cloud chamber. Although our newly
acquired ability to send instruments and people into
space differs in many ways from these earlier ex-
amples, some of us believe that the ability to make
observations and measurements from space vehicles
will extend our view of the puzzle at least as much
as any other technological advance in the history of
the world.
We have not yet reached the tenth anniversary of
the first artificial Earth satellite, yet already some
scientific progress has been made, and the outlines
of still more to come can be dimly foreseen. For
example, we now have closeup photographs of several
selected areas on the Moon from the Ranger vehicles—
photographs showing up to one thousand times
more detail than those taken previously with the
best Earth-based telescopes. These pictures have not
answered very many questions, but they have certainly
raised a lot of new ones that we had not been aware
of before.
For example, the Moon appears to be a very neat,
orderly sort of place with remarkably little rubble
strewn about. If, as we have been prone to believe,
many of the craters were formed by the impact of
objects from space on a stony surface, one would
expect to find quite a number of boulders and rocks
of various sizes scattered here and there. One does
not see many objects of this kind in the photographs.
Why? Scientists are beginning to guess. Additional
information from the Surveyor vehicles—perhaps
from the first workable Soviet lunar landing vehicles—
may help to show whose guesses are right, but
they will probably raise other questions which will
require still more data, and so on. This is scientific
progress. I rather doubt that the results of lunar
exploration will change our ideas about the funda-
mental nature of space and time or matter and energy,
but one can never tell. The Moon should be a history
book full of information going back billions of years.
If we can learn to read it correctly, it may have much
to tell us.
If all goes well, a similar beginning will be made
in the closeup study of the planet Mars during next
July. We should expect that the Martian photo-
graphs, if obtained, will again raise questions rather
than answer them. But eventually we hope to land
our instruments there, also, and as time goes on the
new areas of the puzzle will be filled in. There is
one peculiarly important question in this part of the
puzzle and that is whether anything that could be
called a living organism exists or has ever existed
on the surface or in the atmosphere of Mars. This
planet seems capable of supporting some of the
simpler forms of life that have developed on Earth,
and it is tempting to suppose that perhaps similar
evolutionary processes have led to similar but not
necessarily identical results on Mars. One of the
obstacles to be overcome in trying to answer this
question is the difficulty of avoiding the contamina-
tion of Mars with terrestrial microorganisms in the
early phases of exploration. It is a difficult question,
but the answer, especially if it should be positive,
will be extremely valuable to the science of biology.
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Even more puzzling than either Moon or Mars is
the planet Venus. To scientists it has become not
the goddess of love, but a real "bag of worms."
Using the tools of radio and radar astronomy, we
have learned that its surface is very hot—hotter than
the melting point of lead—and that it rotates very
slowly in the wrong direction. It has a much thicker
atmosphere than Earth, although we are not sure
what gases it contains—only that there seems to be
a lot of carbon dioxide and not much oxygen—and
it is perpetually swathed in heavy clouds of what we
are not yet sure. No single hypothesis yet advanced
explains all the so-called facts we already know, or
think we know, so the obvious requirement is for
more facts. It is like a guessing game. When enough
clues are given we hope to be able to find an answer
that fits them all. Incidentally, it is the confidence
that there exists a consistent answer that will fit all
the facts that makes this game called science possible
at all.
The atomic furnace that supplies power for our
solar system is the Sun. Once held in awe as an
object of religious adoration, it is still perhaps the
most important object of non-terrestrial scientific
research. Since it is obvious that spacecraft, manned
or unmanned, are not ever likely to approach much
closer than the outermost fringes of its corona, we
shall have to be content with what we can learn by
studying the electromagnetic energy which it radiates
and the particles of matter which are driven away
from it in a sort of solar wind. Since only a small
part of the solar spectrum can penetrate our atmos-
phere—essentially, only that part we call visible light
plus some of the shorter radio wavelengths—and
since much of the important scientific evidence is to
be found in other parts of the spectrum, such as
X-rays, ultraviolet, and the longer radio wavelengths,
It is clear that we must use rockets and satellites to
carry our instruments above the atmosphere.
In order to achieve any degree of completeness in
the scientific picture of the solar wind and its occa-
sional storms, we shall need not one but several space-
craft continually probing the plasma flow and mag-
netic fields in different regions of the solar system.
Of course, until we began to launch scientific rockets
and spacecraft, only the most courageous of scientific
guessers had any idea that there was such a thing as
solar wind, and we had only the vaguest of notions
about the origin of terrestrial magnetic storms and
ionospheric disturbances. Thus, in this area space
research has begun to expand our view of the puzzle
and to help us fill in some of the blanks closer to
home.
The scientists who first began to use rockets and
satellites to observe solar ultraviolet and X-rays, being
full of curiosity like all good scientists, were obviously
tempted to look at other parts of the sky, especially
in regions where astrophysical hypothesis indicated
that these highly energetic radiations should be strong-
est. As a result, a new branch of astronomy, our
oldest science, is emerging. Because it deals with
the high-energy end of the spectrum, the scientific
information which will be obtained is likely to be
extremely useful in answering fundamental questions
about galactic and intergalactic phenomena. Again,
however, the results of the first crude experiments
seem to be raising more questions than they answer.
As one last example, I would like to mention the
scientific study of the Earth's atmosphere. Application
of the results of this area of science are well known
in the practice of weather forecasting. Observations
from rockets and satellites are adding to our store of
meteorological information in two ways. First, the
use of many small, inexpensive rocket sondes for
measuring wind, temperature and pressure or density
in the upper atmosphere, that is, above the normal
limits of balloon sondes, is beginning to give a
coherent picture of the major features of the circula-
tion in this hitherto relatively unstudied region of
the atmosphere where some of our weather apparently
begins. Second, the use of artificial Earth satellites
to photograph clouds and to measure the energy radi-
ated outward from the Earth in different spectral
regions is providing a means to fill in the large
geographical gaps where conventional weather sta-
tions are not available and is giving us, for the first
time, something that approaches global coverage of
the tropospheric circulation.
An additional contribution from space research
to meteorological science that now seems certain to
come in the near future is the use of satellites in
data-gathering systems involving free-flying, constant-
altitude balloon sondes and free-floating instrumented
buoys in the oceans. By this means, it appears possible
to obtain detailed three-dimensional data about the
tropospheric circulation on an almost continuous
global basis. Anticipation of the availability of some
such data-collection system is already providing the
incentive to develop fantastically extensive mathe-
matical models of the lower atmosphere, covering at
SCIENCE IN AND FOR SPACE EXPLORATION
	 113
least an entire hemisphere and also super, high-speed
computers capable of handling such models.
There are many other examples of this kind. Studies
of the size, shape and internal mass distribution of
the Earth by means of the motion of satellites in its
gravitational field, and exploration of the geomagnetic
cavity produced by the interaction of the Earth's
magnetic field with the solar wind are but two. How-
ever, rather than to spend more time elaborating this
half of my subject, ''Science in Space," I should like
to turn now to the other half—"Science for Space."
By this I mean scientific work stimulated by the de-
mands of new or improved technology required for
space explanation.
There is no absolute division between the nature
of the work involved in these two categories; how-
ever the ultimate objective is clearly different. The
astrophysicist wants to observe and to try to under-
stand the Sun because it is our nearest star and because
it is a complex of physical phenomena that fascinate
him intellectually. The spacecraft engineer, on the
other hand, is interested in knowing the intensity
and energy spectrum of the different kinds of radia-
tion from the Sun under various conditions in order
to design appropriate shielding. The mission analyst
and operations control officer need to know all they
can about the statistical probability of solar flares and
ability to predict them, in order to plan and control
space flights correctly. Their point of view is not
incompatible with that of science. In order to give
the engineers and analysts all the information they
need, the physicist must learn what he wants to know
anyway. And, of course, the spacecraft which the
engineer is trying to design will be useful in making
observations for the physicists, which cannot be made
in any other way.
The same relationship holds for many kinds of
space environmental data, such as the micrometeorite
environment, magnetically trapped radiation, the char-
acteristics of planetary surfaces and atmospheres,
astronomical constants and so on. The capability to
explore space not only gives us an opportunity to
learn more about such things, but also demands that
we learn enough about them to make correct and
meaningful evaluations and predictions.
On the other hand, there are some kinds of scien-
tific work which are strongly stimulated by the needs
of space technology, but which would not otherwise
result from the exploration of space. These have to
do principally with the physics and chemistry of
materials; with combustion and high-temperature
high-pressure plasmas, and with certain biological,
physiological, and psychological phenomena. One
would not normally find it either necessary or desir-
able to go out into space to study photosynthesis,
for example; however, the technological interest in
photosynthesis for use in a closed ecological system
for space exploration has led to considerable labora-
tory work on this subject which might not have been
done at all, or at least not so soon. I shall try to give
a few more examples of this kind of scientific work.
Lubrication, for instance, is a rather old area of
technology. Oils and greases have been used for a
long time to reduce bearing friction. However, these
common lubricants tend to evaporate in the vacuum
of space, and to be polymerized or changed chemi-
-Ily by the radiation levels encountered during some
space missions. Lamellar solid lubricants, that is,
crystalline materials having a layer lattice structure,
seem to be one answer to this problem. To find the
best material for this purpose and to apply it correctly
requires a detailed understanding of the internal
forces in such crystals and the role of occluded gas
molecules, both of which involve rather fundamental
scientific research, despite the fact that the work has
a definite technological objective.
In a similar way the demand for lightweight ma-
terials that are strong, stiff, and able to retain their
strength up to very high temperatures has led to a
re-examination of the theoretical strength of small,
perfect crystals of alumina and boron, and to the
phenomena of adhesion between such crystals in the
form of long, thin fibres and metallic or plastic ma-
trix materials. The re-examination has stimulated
some basic work in solid state physics which might
not have been done on the same time scale without
the pressing requirements of space technology.
The problem of micrometeorite penetration of
spacecraft structures and the need to minimize the
probability of damage through optimum design and
selection of materials has led to careful experimental
and analytical studies of the phenomena involved in
hyper-velocity impact. This, in turn, has required
extension of the equations of state for various mate-
rials far beyond the regions that were previously of
concern to engineers. The need for lightweight, high-
temperature energy conversion devices has inspired
new scientific interest in the characteristics of thermi-
onic emitting surfaces and space charge phenomena,
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on the one hand, and in non-equilibrium ionization
phenomena for MHD generators on the other.
As a last example of the demands on science by
space technology, I should like to mention the solid
electrolyte ion-exchange fuel cell. Conceived in 1954
by General Electric scientists, this type of fuel cell
seemed ideally suited for space applications because
of its inherent promise of light weight, low volume,
long life, ability to work in a zero-gravity environ-
ment and to produce potable drinking water along
with electric power. However, it was discovered early
in the course of development that the ion-exchange
membranes, which were produced by incorporating
polystyrene sulfonic acid into a fluorinated hydro-
carbon matrix, were subject to rapid degradation and
subsequent leaching out of the active material under
some operating conditions. This caused early failure
of the cells and impaired the potability of the water
produced. Basic chemical research was urgently needed
to develop an understanding of the oxidative degrada-
tion of styrene polymers so that appropriate steps
could be taken to eliminate or at least to minimize
this source of trouble. I am happy to state that the
research was done and that corrective steps have been
successfully taken.
None of these examples has yet led to any major
scientific discovery, that is, one that would funda-
mentally change our ideas about mass, energy, space,
or time. None of them has brought a Nobel prize to
any of the scientists involved. But each in its own
way represents a striving after truth—an expanding
of the part of the crossword puzzle we are privileged
to see. "It is open to every man," Einstein says, "to
choose the direction of his striving" and "the search
for truth is more precious than its possession."
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As a visitor a long way from home—not from
outer space but from New England—let me begin,
in the spirit of your Bicentennial, by expressing my
admiration for the great and distinguished National
resources here in St. Louis, both in education and in
business and industry, and for the vital part they are
playing in concert to advance education, to support
our National leadership in science and technology, and
to insure the success of our space program. We in
New England and, more specifically, we in "Greater
Cambridge" are in a good position to be aware of
your vigor and your contributions.
Since space exploration involves so many frontier
problems and skills, it is not surprising that it touches
practically every discipline represented on the univer-
sity campus—most heavily, to be sure, those in the
physical and biological sciences and in engineering
but reaching into the schools of management and law,
the social and behavioral sciences, and the humanities.
As I shall indicate, we see this reflected in the many
different kinds of space-related programs now to be
found in our institutions of higher learning. Dr. Hugh
Dryden, some few years ago, spoke of the exploration
of space as a social force which the university cannot
ignore. If nothing else, our universities are our only
net producers of new professional men and women
with the exceptional qualities and training demanded
to solve problems op the space frontier. And to that
extent at least, there is hardly a university in the
country with the resources to do so that is not now
caught up in Dr. Dryden's social force.
In describing and applauding this widespread uni-
versity involvement in the space program, especially
in St. Louis and the Middle West, let me pause to
roaC.rm my conviction about the central role of our
educational institutions and the bearing this has on
their relations with the Federal Government. They
must serve our society in many and widening ways,
as, for example, by assisting our National space pro-
gram, but in doing so, they must adhere unswervingly
to their central responsibilities to teach, to nurture
new talent, to search for new knowledge, and to
perpetuate and disseminate knowledge. These mis-
sions require an environment benign to independent
scholarship, to contemplation and creativity, to dis-
interested curiosity, and to ideal aims and long-term
goals. The more successful our universities are in
pursuing these goals and in maintaining these char-
acteristics—in other words, sticking to their time-
honored functions—the more successful they will be
in serving needs of the economy and the Government.
In discussing their relation to the space program or
any other program of national service, I therefore
emphasize that our educational institutions must be
places "of light, of liberty, and of learning," where
all policies and all programs are shaped to insure a
lively interaction of questing young minds, fresh and
eager in outlook, with older minds full of wisdom
and learning. Universities can and do contribute to
utilitarian ends, but they must serve a higher purpose
than utility.
Sponsored research which universities undertake
for Government and industry and which so far has
greatly strengthened them, should be handled by both
sponsors and the universities in a manner that under-
girds and does not erode this central role and essential
spirit of the university.
There must be a constant renewal of effort to
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protect and sustain the universities in their role as
educational institutions. The universities themselves
must be unremittingly vigilant and unswerving in
adhering to their academic ideals. The Nation has a
right to insist on this. Since it has come to be, as the
principal source of university research funds, such a
potent trustee in relation to the university system,
the Government must refrain from policies and pro-
cedures, especially in the terms of its contracts and
grants, which are onerous to the spirit and life of
the university.
Today there is widespread fear in universities that,
perhaps unwittingly, the Government, after a period
of skillfully handled relationships, is now beginning
to insist on more and more red tape, cost accounting,
supervision, and reporting, that is designed more
for hardware procurement than it is for university
research. The very qualities that make universities
our most effective centers for basic research—relative
simplicity of management, stress on the freedom of
the individual scholar and avoidance of regimenta-
tion—could be eroded by too many controls and over-
zealous bookkeeping. The universities must, of course,
be meticulously responsible in handling public funds,
but they cannot let themselves be treated as factories
without grave damage.
I hasten to emphasize that NASA and most other
government agencies working closely with educational
institutions have been sensitive to the special nature
of educational institutions and have sought to protect
and strengthen them. I am not directing my remarks
to NASA or any other specific agency. The fact that
there is a current tendency, taking the Government
as a whole, to impose difficult restrictions and controls
arises not from any specific agency design but as a
kind of Parkinson's law. In part, too, it is a response,
an over-reaction, to a new and perfectly legitimate
examination by Congress of the Government's very
large research and development program. This quite
necessary examination sometimes is translated into
more detailed bookkeeping and supervision.
On this occasion and before this audience, I make
a special plea that the Government and the university
community be vigilant and diligent in together seek-
ing sound solutions for the management of their
partnership. This management today, I must report,
is attended by growing difficulties, and there is a
disturbing increase in restrictions and controls that
can damage the universities.
With these observations off my chest, let me now
turn to a report of how NASA is working with the
universities. My basic data, I hasten to acknowledge,
comes from NASA, but my interpretation and order-
ing of it is my responsibility. In presenting this
material, I try to give special emphasis to NASA's
impact on the Middle West.
In the short span of seven years, the National
Aeronautics and Space Administration has grown to
where it now accounts for almost about one-third of
the Federal Government's total annual expenditures
for research and development and more than 40 per-
cent of the Federal funds allotted for basic research.
NASA expenditures at universities are currently on
the order of about $130 million per year, with about
one-third of this obligated under its sustaining uni-
versity program and the other two-thirds in specific
project grants for basic and applied research and
development.
University scientists and engineers have been in-
volved in the space program since its inception, pro-
posing and preparing equipment for many of the
experiments carried in our scientific satellites and
space probes or undertaking supporting research in
the laboratories on such matters as novel energy-
conversion problems or developing new heat- and
radiation-resistant materials or inertial guidance sys-
tems. These experiments and research projects are
carried out under grants assigned to individual inves-
tigators, who usually in turn involve other profes-
sional colleagues and their students in the projects.
At the present time, it is estimated that approximately
3500 university faculty members and graduate stu-
dents (5800 if supporting personnel are counted—
technicians, clerical, and so on) located on some 165
university campuses are participating in NASA-spon-
sored research.
NASA's sustaining university program was begun
in 1962, and NASA officials are to be commended
for their exceptionally far-sighted conception of this
program, for essentially it is aimed at some rather
important long-range National goals. Foremost among
these is the need to replenish and augment the
Nation's supply of highly trained scientific and
technical manpower by encouraging more of our
able students to complete their work for the Ph.D.-
a goal that was set forth in the Gilliland report of
the President's Science Advisory Committee in 1962
as meaning we should try to at least double our annual
output of new Ph.D.'s in the sciences and engineering
by the end of this decade. NASA, through its gradu-
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ate training-grant program, as I understand it, hopes
to encourage and support at least one-fourth of the
desired increase in doctorates in these fields. Specifi-
cally, the program makes available to the individual
graduate student an annual stipend of between $2400
and $3400 for a period of three years, in the hope
that this will enable him to spend full time on his
graduate study and complete his doctorate within a
minimum time. The grants include an allowance with
which the university can strengthen its graduate pro-
gram in space-related sciences and engineering. Each
university has full discretion in awarding predoctoral
fellowships within its grant, it being felt that the
university itself is in the best position to evaluate a
candidate's interests, qualifications, and need. In the
coming academic year, there will be over 3000 pre-
doctoral candidates at 142 universities receiving sup-
port under NASA's training-grant program. NASA
is budgeting $25 million annually for support of this
program, adding about 1300 new trainees each year
to have something over 4000 students in the "pipe-
line" in order to yield about 1000 new Ph.D.'s each
year.
I think it is especially gratifying to note that of
the 52 students that so far have completed their
Ph.D.'s with NASA support, 29 are currently engaged
in research and teaching at universities and 10 more
are continuing their studies as postdoctoral fellows—
in other words, 60 percent of them chose to remain
and work within university environments. The high
caliber of the students selected by the universities to
receive NASA predoctoral support is reflected in the
fact that of the first 886 students to enter the program,
over 80 percent have either received their degrees or
are still in training and in good standing, about
16 percent have dropped out or deferred their training
for personal or other reasons, and only 1.4 percent
have been dropped because of poor academic per-
formance.
There are two other important phases of NASA's
sustaining university program. One is that it provides
funds for construction of laboratory facilities at uni-
versities where needed for NASA-supported research.
To date, 27 universities have received facilities grants
totalling over $29 million to provide one million
square feet of new research laboratory space.
The third phase of the program is designed to
stimulate wider participation in interdisciplinary re-
search in all the sciences and engineering that may
have a bearing on the success of our space effort.
And most significantly, the bulk of the interdisci-
plinary research funds granted so far have gone to
strong universities which have shown a potential
capacity of developing into major new centers of
strength in research and graduate education—as for
example, Washington University. At present there are
31 universities located in 22 states participating in
NASA's interdisciplinary grant program; each grant
is tailored to the particular capability of the univer-
sity; on an annual basis they range in size from
$50000 to $1 million and in total now amount to $74
million annually. To be sure, they include Caltech,
the University of California at Berkeley and Los
Angeles, and M.I.T., but they also include the Uni-
versity of Denver, Montana State, the University of
West Virginia, the University of Louisville, Southern
Methodist in Texas, and Adelphi in New York. Six
of them are located in the Middle West: Purdue,
Kansas State and the University of Kansas, the Uni-
versity of Missouri and Washington University, and
the University of Wisconsin.
It has been rather widely assumed that New Eng-
land attracts and receives rather a good share (but
by no means the largest!) of Federal research and
development funds and that the Middle West is
something of a "have-not" region in this respect.
But in preparation for this talk, I have had occasion
to study the facts of the matter a little more closely
and found that, insofar as university participation in
the space program is concerned, the universities in
my home state of Massachusetts, with the exception
of Harvard and M.I.T., make a relatively poor show-
ing in comparison with those in most of the Middle
Western states—both in numbers of Ph.D. candidates
receiving training, and in number, size and impor-
tance of space research projects undertaken. For
instance, in Massachusetts we currently have 108
students receiving NASA Ph.D. training-grant sup-
port (or will have during the coming academic year),
and these are spread among 9 universities, while 4
universities in Illinois between them are able to
provide training for 156, and likewise, 4 universities
in Missouri, a total of 103. In the Middle West as
a whole, there are now 30 universities participating
in NASA's predoctoral program and providing grants
for 809 students; this represents about one-quarter of
the total program for the coming academic year.
Grants for construction of new laboratory space
totalling nearly $8 million have been made at 8
Middle West universities: University of Chicago,
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University of Illinois, Purdue, State University of
Iowa, University of Michigan, University of Minne-
sota, Washington University, and the University of
Wisconsin. These include additions to the Jet Pro-
pulsion Research Center at Purdue, new facilities for
research in theoretical chemistry at Wisconsin, con-
struction of a Space Research Center on the newly
developing North Campus of the University of Michi-
gan, and added space for research in physics and
astronomy for Dr. Van Allen's group at the State
University of Iowa.
Beginning with Dr. Van Allen's extremely impor-
tant discoveries, I think the Middle West universities
can be justly proud of their contribution to the funda-
mental purpose of this Nation's space program, which
is to enlarge our understanding of our own Earth, its
solar system, and the universe.
Scientists located at several Middle West univer-
s:t:es have designed experiments for the series of
Explorer satellites that have helped define the struc-
ture of the Earth's magnetosphere. Others are pre-
paring equipment for the geophysical observatory to
be placed in a circular polar orbit some time this year
to yield more sophisticated information about the
earth's inner radiation belts and upper atmosphere,
and several more (at the University of Kansas, Uni-
versity of Minnesota, and Michigan State) are devel-
oping experiments for possible inclusion in NASA's
first major (1000-pound) biosatellite, which is de-
signed to test the effects of extended space flight on
various life forms and, thus, yield information that
may be helpful in designing long manned-flight
missions. In addition, a group at the University of
Michigan is developing instrumentation remotely to
detect and to analyze possible life forms on a planet
such as Mars or Venus.
There is also a large program under way at the
University of Michigan to develop radio astronomy
equipment that can be carried up and function in a
satellite. Scientists at the University of Chicago, the
University of Illinois and the University of Minnesota
have made extensive use of high-altitude balloons
and sounding rockets for experiments to refine our
knowledge of the ionosphere. There is a very large
NASA-supported program of fundamental research
in molecular chemistry at the University of Wisconsin
and a similar, though much more modest, one in
polymer chemistry at Notre Dame. There are sub-
stantial research programs in molecular biology at the
University of Chicago and in celestial mechanics at
the University of Cincinnati. A group at Ohio State
is investigating advanced devices for communicating
at millimeter and submillimeter wavelengths. Funda-
mental studies of the dynamics of plasmas, some of
them related to spacecraft reentry problems, are being
undertaken in several universities.
NASA has supported, or is currently supporting, a
number of studies aimed at promoting more rapid
and more widespread industrial applications of new
knowledge developed in the space program. Two
historians at the University of Minnesota (Short and
Rosholt) have had a grant to prepare an administra-
tive history of the National Aeronautics and Space
Administration. The economist, H. J. Barnett, now
at Washington University, has recently received a
grant to develop methods of analyzing the impact of
space-program activities both on the national economy
and on regional economic growth.
I could cite many more examples for, in all, there
are currently about 175 active NASA-sponsored re-
search projects spread among 28 Middle West uni-
versities, but perhaps I have given enough to impress
you with the remarkable range and depth of compe-
tence of Middle Western universities to participate
in research in space-related sciences and engineering.
Clearly the universities have a major role in the
national space program and clearly the Government
is looking to them for assistance and for the advance-
ment of their educational and research effectiveness.
If we can solve the problems of contracting, cost
accounting, supervision, and control, the Government
and the universities together, great additional aca-
demic strength can grow out of the Government's
space research and development program.
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QUESTION: Dr. Killian, I noticed in your paper
that you mentioned NASA's aid to students for their
doctoral program. I wonder if you think that, in
general, facilities of today's high schools and univer-
sities, especially on the graduate level, are adequate
for today's research. Do you think that a lot of the
facilities today are outdated and that the money could
be spent more wisely for increasing and bettering
these facilities?
KILLIAN: I am not sure that I have the gist of the
question. Would you repeat it please?
PAKE: I believe that the question is expressing
concern for the quality of facilities in the educational
system. He mentioned both high schools and colleges.
I think he is suggesting that perhaps an alternative
use for some of these funds that are used for fellow-
ships might be to put the money into facilities.
KILLIAN: I am not sure that the way to better these
facilities of the precollege level is through programs
such as NASA's, although I am sure that it is going
to have an effect in the long run. I do think that the
Facilities Act, that the aspects of the new education
bill that has been passed by Congress, and that other
programs such as the Vocational Program will make
possible a substantial improvement in teaching facili-
ties in precollege schools—not only an improvement
in facilities but also in opportunity to the proposed
new National Research Educational Laboratories on
the educational process. They make a very major
contribution to the improvement of education in high
schools and other precollege schools.
QUESTION: I would like to ask Dr. Killian if, in
the study of the universe, scientists believe it would
be well to stress more the spiritual nature of the
universe—the spiritual and mental nature of it. Sir
James Jeans expressed the idea that most conclusions
originate in our own minds and that matter is not
such a hard, fast, and tangible thing which most of
us believe. As I understand it, the idea that matter
is made up of electrically charged particles and varies
according to the kind of particles and the number
of them; the latest idea, I understand, is that all
matter is a matter of ways. Those are rather nebulous
things, and it seems to me we have pushed the matter
into a corner where it has been reduced to more or
less a mental opposition. Would it be good for
physical scientists to bring that forward to the public
to let them begin to think more of themselves, pos-
sibly, as being mental. We need healing, and we are
accused of being a materialistic people. If physical
scientists can advance the idea of the spiritual nature
of the universe and man, perhaps we can have healing
such as we had in the days of Christ.
KILLIAN: I think the questioner has, in a way,
answered his own question by the observations he
has made. But let me take a somewhat general try
at this one. It seems to me that one of the great things
that is happening today is the advances of science.
The more science develops and grows, the more it
becomes possible and also necessary for all of the
other fields—philosophy, the humanities—to grow,
too. It would be my observation that we are moving
into a great age for the humanities, philosophy, and
for all these related areas that I think you are talking
about as a result of our having a great age for science,
too. All of the stimulation and all of the challenges
that we find in the space program will contribute to
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the enrichment of this other part of our intellectual
life; this other mode of thinking.
QUESTION: Dr. Killian, it is risky, I know, to talk
about specialists and generalists, but we all see the
need for and the emphasis on the creation or the
educational processes in creating a greater supply of
specialists and I wonder if there is any attempt within
the university to consider the other problem, that of
the generalists? I'm from General Dynamics and we
have many design specialists and I like to think
occasionally that we need more design generalists
who can apply some of these ideas that the special-
ists—assist in generating and making programs out of
them rather than scientific thoughts. Is that too
general a question? I sometimes look to the univer-
sity to bring to us graduates, both at the bachelor's
degree level and higher level, who are more experi-
enced in—or at least have had better education—
the application of these ideas than grouping them
into larger concepts.
KILLIAN: That is a difficult one to answer in any
brief span, too, but I think my colleagues here would
agree with me that we have been witnessing in the
last several decades in our universities—particularly
in the scientific branches of our universities and our
schools of engineering—a very great broadening of
the educational base; that the preoccupation with the
wholeness of learning, if you will, has become one
of the dominant factors, developments in our educa-
tional processes today, and that we see increasing
emphasis on the behavioral sciences and on the social
sciences. We see increased developments in the im-
pact of science on government, for example, and the
impact of science on society being examined in our
universities. There are a whole host of things that
are developing that bear upon the objective that you
are expressing.
QUESTION: I would like to direct a question to
Dr. Bisplinghoff. He spoke of the development of
these new approaches to rocket engines and so on.
I wonder if he could tell us what the possibilities
are for reducing the ever-increasing cost of these
ever-larger rockets—possibilities like, for example,
reusable equipment that might make it possible to
actually carry out such a broadly based and varied
program as he was speaking of.
BISPLINGHOFF: We are very much interested in
the use of reusable boosters in spacecraft and the
space agency. At the present time, it is not economi-
cally feasible to redirect our space programs in this
direction, simply because of the large investment that
we have already made in boosters, such as the Saturn
boosters and others, and the relatively small number
of missions that will be flown. However, if one
projects into the future a large number of space mis-
sions, a large number of trips to orbit, and a large
number of returns from orbit, it appears desirable to
have a so-called recoverable booster system and re-
coverable spacecraft system that will allow us to use
these devices over and over. It is simply a problem
of economics, and I assure you that if the economics
dictates it, the technology will be available to do it.
We are making modest investments at the present
time in recoverable booster technology and recover-
able spacecraft technologies. I mentioned some of
them very briefly in my talk, and at such time as the
economics dictates, we can speed up these research
and development activities to develop devices which
can be used over and over again.
QUESTION: To Dr. Bisplinghoff. Are the recent
Cutbacks or elimination of such programs as SNAP-8
of the 260-inch and the M-1 program going to leave
a gap in the post-Saturn era in the development of
large boosters to get these loads to space, or are we
reaching the point where some of these other systems
of propulsion may obsolete or replace these systems
before they develop any further?
BISPLINGHOFF: I think we must say that dropping
the large solid motor and the M-1 and SNAP-8 pro-
grams will delay our ability to move into systems
beyond the Saturn system. These are obviously sys-
tems or technologies that we have envisioned for use
in the post-Saturn era. Their purpose was to develop
the technology so that we would have them available
if we wished to use them during this era. If we stop
this work, these options will obviously not be avail-
able to us. Of course, stopping these programs was,
I think, a necessary thing to do in light of the total
space budget and the demands which are made on
this budget by the present programs. Our decision
had to be made in light of these facts, and it was
made. Hopefully, we can at a later date reinstate
similar programs which will then allow us to move
into advanced systems beyond the Saturn systems.
QUESTION: My question is for Dr. Porter. In
your comments on space or science in space, during
your extensive travels around the world, particularly
your contacts with the Soviet Union, would you care
to comment on the Soviet attitude to the approach of
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science in space and science for space the degree
which parallels your own philosophy?
PORTER: As you must certainly know, everything
that goes on in the Soviet Union is done behind a
semi-transparent curtain, a curtain which passes some
kinds of information and not others. So we have
only the most selectively filtered or distorted view
of what goes on in the Soviet. I do not pretend to
know very much more than any of the rest of you
here know from reading your newspapers.
But to try to answer your question a little bit, I
think that to a large extent this view is a universal
view. Without any question, the Soviet program, like
our own, began with a military booster capability—
a military rocket capability that resulted from develop-
ment work on military rockets beginning shortly after
World War II. Exactly what the motivation for that
program was in the Soviet Union, I do not know.
There are two different opinions among people in
the United States who consider themselves expert on
Soviet motives. Recently, in talking with Dr. Katz
of Rand, I discovered that both of us have a rather
strong suspicion that the Soviet program was not
originally expected to be anything like the size and
scope that it now turns out to be. We think that the
Soviets might have been impressed with the loud
talking that was being done in the United States about
a satellite program for the IGY and decided, since
they had the booster capability to a larger extent than
we did at that point, that they might as well go ahead
and launch a satellite, which they did as you know,
before we got ours up. I think that they were aston-
ished at the resulting public reaction all around the
world, and, of course, we helped matters along a
great deal in this country by the things that we said
and did. I think that perhaps the political—the
governmental—people who manage the budget in the
Soviet Union seeing this effect decided that this was
worth supporting for reasons of national prestige in
the Soviet Union, and it has proved to be well worth
supporting from their point of view from that angle
alone.
If you look at world trade figures before and after
Sputnik and a few things of this sort, you can see
some very interesting facts. I think, however, that
the scientists of the Soviet Union were very quick to
try to make use of this capability to do science in
space. Of course, the demands of the program have
required that additional scientific work be done for
the technology of their space program. So as things
have developed, I do not think there is anything
greatly different between their program and ours.
They seem to have more quickly caught the interest
in the man-in-space program. They seem to have
started a little earlier with some of the physiological
and biological work than we did. On the other hand,
they seem to be a little slower to catch what we con-
sider to be the very great scientific and philosophical
implications of the problem of life on other planets
and have not, apparently, done so much work in that
direction. So you can detect some little differences
in emphasis, but on the whole the programs are not
greatly different.
PAKE: I would like to interject a comment there
somewhat relevant in my own experience. I happen
at the moment to be also serving on a committee of
th° National Academy of Sciences which is making
a 5- to 10-year plan for the future support of basic
physics in the United States. This is quite an ambi-
tious study involving some 20 members of my com-
mittee plus about 40 other members of the physics
community in the United States making a careful sur-
vey of the needs and requirements. It is, of course,
going to recommend that the programs which the
United States should follow will cost more money.
We are not quite sure what kind of reception this
will get in the Congress of the United States. One
member of my committee who spent two weeks in
Russia at a scientific meeting came back saying that
the Russians—the Russian physicists—are eagerly
waiting to see what kind of growth rate we project
for American physics so that they can run to the
Soviet counterpart that provides the budget there to
say, "Look what the Americans are going to do; we've
got to do at least this well." I am sort of worried
now that our Congress will not respond as well as
somebody on that corner of the globe will.
QUESTION: Building on your comments, Dr. Pake,
and on Dr. Porter's most recent answer and then
arcing back to the comments concerning the necessity
for broadening—not a lessening—of specialization,
but at least a broadening of the cultural base and
the philosophical outlook of the specialists there,
would any of the panel care to enter further into
the realm of speculation as to whether this sort of
thing might be a vehicle for leading the Soviets over
to a less provincial and militaristic outlook in their
government and a greater philosophical outlook to-
ward good will towards mankind in the world in
general.
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PORTER: Well we all hope, of course! One of the
stated—at least privately if not publicly—elements
of our national policy with respect to the Eastern
bloc in other countries is to bring the Soviet Union
especially into the present century, into the 20th
century, politically as well as otherwise. Certainly the
advances which they are making in science, the people
who are being exposed to that kind of thing, and
through that to international relations with other
scientists, all of these things help. But I do not
think that we ought to be very sanguine about how
fast the Soviets are going to change their fundamental
political philosophy. I do not think it is going to
change very soon or very completely. I think all you
can say is that we keep on pegging away at it through
one channel or another. Cultural exchanges of all
kinds are very helpful in this respect, and we should
try to continue them wherever they do not explicitly
act against our national interests. At the same time,
we must remember that we are dealing with the
Soviet Union and, even more so, with the Communist
Chinese who are a group of people who at their
highest philosophical level are devoted to the de-
mise of our system and our way of life. So we have
to play this game with our eyes wide open and not
be trapped into any stupid moves on our own part
while, at the same time, continuing to do all we
can to increase the brotherhood of man with man
and cross this boundary.
PAKE: Dr. Bisplinghoff, would you care to add
anything to this?
BISPLINGHOFF: Nothing, except, perhaps, to add
a word to Dr. Porter's last remark, that science does
provide a wonderful common denominator to build
friendships in the Soviet Union and other countries.
We find our scientific interchange—our people going
to the Soviet Union, their people coming here, and
few students exchanged—a very effective avenue
of cooperation and friendship. I think this alone is
quite significant in our relations with the Soviet
Union.
QUESTION: Dr. Killian emphasized in his dis-
cussion how much of a contribution this NASA
research was doing for educational institutions, par-
ticularly, for example, in this part of the United
States and all over the United States. I recently
came back from a space medicine meeting on the
west coast in which the president of a college
opened the meeting with remarks about the expensive
cost of this space program. To say that his remarks
were acid is putting it mildly—they had a pH of
about 1. He was quite bitter about the whole space
expense, although probably you could have told
him that we have a few hundred million dollars lying
in India for sending wheat over there which we
will not get back either. Perhaps you would answer
this, Dr. Bisplinghoff, if whether NASA should
expand its program of selling the contribution that
the space effort is making in the United States in
scientific institutions, as well as colleges, more than
it is doing. Maybe it is not doing a good job of
selling its worth.
BISPLINGHOFF: This may very well be. All I
can say is that we try, and I am sure that we, with
such a large program, will never be able to eliminate
all of our critics. We hope to eliminate as many of
them as we can, and we attempt to sell the program
in every possible way. I acknowledge that we can
do a better job in some areas, and it is our inten-
tion to try to do so whenever we can.
PORTER: Could I say a word or two to that point?
I have done a lot of thinking and made several
speeches on this general subject of whether we can
afford space research and exploration. Aside from
the strictly military missile program, the present
level of expenditure on space in this country which
I take it is the part of the program to which this
man was addressing himself, represents about 1 per-
cent, a little less than 1 percent, of our gross na-
tional product. This means it is about 1, a little
less than 1 weekend per year for each member of our
working force. I have asked a lot of people on the
working force if they think it is worth to them 1
day out of 300 to have a national space program like
this. They say, "Well, yes! Put on that basis it seems
to be quite realistic."
When we start talking about $5 billion to a man
who has been having a little trouble balancing his
own departmental budget this year, it sounds like
a terrible thing, but the question is would he find
it any easier to balance his budget if we did not
have this sort of program. It would simply mean
that we would find ourselves even more overequipped,
as far as overall effort in the country is concerned,
to do what we need to do than we are now.
We, in this country, are a very affluent society at
this particular point. We are no longer at the stage
where we have to sweat and strain as hard as we
know how to clothe, feed, and protect ourselves.
We have reached the point where we can do these
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and still have a good deal of time and effort left over.
The question really is going to be what shall we spend
that time and effort for. Shall it be for amusement?
Shall it be for many other sorts of things we can
think of? I think that in many cases the space pro-
gram with its incentives, with its challenges, with
its inspiration is probably a very good candidate for
using this extra time and extra effort. So, I do not
believe eliminating the space program would make
it any easier for other kinds of research to be done.
I do not believe that, in general, the kinds of science
which I mentioned as being extremely important
would go on anymore rapidly if there were not a
space program. I think that if we did not have the
space program, there would be, perhaps, an even
greater unemployment problem than we now have.
We would have to solve our unemployment problem
in other ways, and I doubt that we are imaginative
enough to solve it very quickly by some of these other
ways.
This is just a shorthand answer. I would like
to make a whole speech on the subject. I think we
really do need a space program to inspire imagina-
tion and to soak up the excess energy which we and
our people have. I would remind you that, for ex-
ample, the budget of the National Science Foundation
for basic research, not specifically related to space in
any way, has gone up enormously after the beginning
of the IGY with its satellite program. It did not
go down any. The money for the space program
has not been taken away from NIH, from NSF, or
from any of the institutions that support basic research
in this country. In fact, all those organizations have
had a budgetary increase probably larger than they
would have had without the space program. I think
we would have to say, if we look at the overall
picture, that the space program has been an incentive
and a supporter of all of these kinds of research.
PAKE: If I could add only one brief remark to
that, I would say that it is true, of course,
that the distribution of funds from any of the par-
ticular Federal agencies that involve themselves in
aiding the university or college program is found to
be somewhat variable. I think that if Dr. Killian
had not had to leave, he would reiterate his point
that the NASA program has, in fact, involved a
wider distribution among educational institutions than
probably any other Federal program that comes to
mind. He would say that the real concern and dif-
ficulty here is quite often that people will say, for
instance, that the budget for NASA is $5 billion a
year and then they will cite some other program or
other problem area which they feel should have
more support saying that if we were not doing that,
we might have the money for this other purpose.
I think, as Dr. Porter has emphasized, that this is just
not logical thinking. There is no assurance at all
that if the $5 billion were not appropriated for
NASA it would be available for other purposes. I
have heard many spirited discussions of this kind
pro and con about the space program and its aspects.
It seems to me that many of the critics of the space
program will tend to assume, for example, that be-
cause NASA spends money on science—although
not a terribly large fraction of it is a purely science
budget, as Dr. Porter emphasized—the whole basis
of the program is science. I think we must realize
that the space effort is a large effort involving ele-
ments of national defense. Although there is specifi-
cally a military budget, I would point out that the
capabilities we have in defense are enhanced by many
developments in the space program. There are also
elements of national prestige on which it is very
hard to put any kind of a dollar figure value. There
are elements of science, to be sure.
I think, finally, that another way of phrasing what
Dr. Porter is saying is that it is hard *to imagine
what he called the most affluent society, but also in
many ways the most advanced society in the world,
suddenly, deliberately deciding not to embark on this
really very exciting adventure. It is not fair, there-
fore, for anyone to view the space program as entirely
a science effort or as entirely a defense effort because
it has many functions, and, therefore, it is not simple
to categorize it.
I think that Dr. Bisplinghoff may have a good
point. Whenever a budget gets big enough for peo-
ple to see it, there will be some people who will
be a little bit envious about it and have other ways—
other thoughts in mind—as to how they might like
to spend that much money.
QUESTION: Dr. Bisplinghoff, you mentioned the
ion propulsion system and you said that when in
space the engine might reach—might gain—a static
charge but you did not say whether it actually did.
BISPLINGHOFF: Well, this was the question we
could not answer fully in the laboratory, and we
sought an answer to this question by flight test. The
concept involved is to inject a stream of electrons
into the ion stream to neutralize the ion stream. This
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concept was tried in the laboratory. We felt that it
provided a solution to prevent the spacecraft from
gaining a charge, but we were not sure. We found,
as a result of the flight test, that it did provide an
excellent solution and that the performance of the
ion motor was very close to what we predicted from
the laboratory experiments.
QUESTION: Gentlemen, we have heard today
tributes to NASA's influence on the universities and
that is rightly so. I would like to ask a question of
all three of you if you would kindly take a whack
at it. Our space program, as we know it, got started
almost as a reaction in a great way after Sputnik,
but the Marshall team and the men that we know
have built this industry are not really a product of
the NASA educational spillover. Would you gentle-
men comment—and I would particularly like Dr.
Bisplinghoff to comment rather in his advanced re-
search area—on whether you are getting as many
ideas from industry now as you were. Or do you
find that your advanced research improvements, your
step forward, is coming from the university level?
In other words, are we advancing in our technology
and pushing our frontier of technology forward?
Are you noticing now that space technology is cre-
ating ideas for you from the university level rather
than industry or is industry still carrying the brunt
of the burden?
BISPLINGHOFF: I do not think you can really
distinguish—really select—one of these and say that
the ideas are coming from it alone. I think that,
in this country, we have to look upon a large effort,
such as this, as a cooperative venture involving three
entities: the Federal Government, the universities,
and industry. I do not think we can do these kinds
of things unless we have these three elements in the
effort. On the Government side, since we are spend-
ing large amounts of Federal funds, it is incumbent
on the executive branch of the Government to man-
age these funds in an efficient way. They must, there-
fore, create agencies such as NASA and staff them
with competent people. On the other hand, the
work itself must be done by the other two entities,
mainly the universities and the industry. We find
that the universities make very great contributions;
the biggest contribution of the university is in giving
us trained people, educated people. However, at
the same time, in this process of education, they do
a great deal of very good fundamental research; the
large majority of the really important fundamental
research contributions come from the universities.
On the other hand, the technologies themselves, as
well as the development of the hardware and all the
ideas surrounding this development, must be sup-
plied by industry. So, I do not believe that we can
say that one contributes more than the other. I
think we are all working together in a complementary
way.
PAKE: Do you care to say anything about that, Dr.
Porter ?
PORTER: I certainly agree wholeheartedly with
everything that Dr. Bisplinghoff has said. There has
to be a three-dimensional—or even greater—coopera-
tion than that because still other organizations are
in place. You mentioned the origin of NASA. This,
of course, is very interesting to me because I was,
to some extent, involved in that. I acted as the
chairman of the old IGY Satellite Panel before there
was a NASA. At that time, the National Academy,
working with the National Science Foundation, tried
to keep that little program planning and execution
going on a red-hot basis. At the time NASA was
set up, I think that there was some very wise and
careful thinking done about what the program should
be in the United States. There was by 'no means
unanimous agreement on the part of everybody con-
cerned that this was exactly the right way to do it,
but, once it was decided, I think we had a very good
closing in of the ranks behind the concept, and
agreement among everybody concerned that this was
the way it was going to go.
So, we had a large number of people from the old
Naval Research Laboratory group who came into
NASA. Many of those are now in positions of very
great responsibility in NASA. We had the nucleus
of the NACA which was, of course, a very highly
respected organization, and then we had this group
of people that you mentioned were then working
under the Army Ordnance—von Braun and his peo-
ple whom I personally helped to bring out of Ger-
many. We got the nucleus of the organization from
the Jet Propulsion Laboratory at California Institute
of Technology and a lot of other people who came
in because they were attracted to the program. So,
I think it has been amazing how people have come
into the picture, in-house in NASA and through
NASA contractors, both university contractors and
grantees and industrial contractors. I think this is
a tribute in many ways to the people who have man-
aged and run NASA, because they have welcomed
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these people, have given them the opportunity to do
the work they wanted to do, and have given them
inspiring leadership to do it. Only under such cir-
cumstances could we have had the kind of program
that we have today.
BISPLINGHOFF: Fortunately, the advanced research
and technology part of the NASA program has its
roots in the old NACA which, as Dr. Porter men-
tioned, was a very effective research organization.
It dealt, in its earlier years of course, entirely with
aircraft, and it still does devote some part of its
effort to aircraft research and technology since the
first "A" in NASA, of course, is aeronautics and
we still have a very heavy responsibility in aero-
nautics. However, many of the concepts and tech-
nologies which were later employed in the Mercury
Program and are being employed in the Gemini
and Apollo Programs were pioneered by the NACA
in the 1940's and 1950's long before we thought
about a space program. I refer to such things as
the blunt body and the hydrogen and oxygen tech-
nology which with this basis of the NACA is really
what gives the strength to the Government side of
the advanced research and technology program; this
strength, of course, is complemented by universities
and industry.
PORTER: We have not had a good debate on
this program yet, so I am going to pick you up on
one point. You said, "1940's and 1950's—long
before we thought about a space program." I think
that I could quote page and verse that in the late
'40s, just before 1950, the feasibility of an artificial
Earth satellite had been very well proven from an
engineering point of view by a Rand report and
also by a Martin Aircraft Boeing-Navy report. In
fact, this was attested to by a five-man committee
of the old Research and Development Board, the
RDB, of which I was a member and which, I think,
made the flat statement that, at this point in time,
the feasibility of launching an Earth satellite has
definitely been proven. I think we were engaged in
a space program of sorts, only not very many people
realized it, in the firing of the V -2's and then later
the Viking research rockets of our own design. We
were firing altitude vehicles outside the Earth's at-
mosphere for scientific purposes on a pretty regular
basis back in 1947—'46, '47, and '48.
The first two-stage rocket was launched in the
early 50's from Patrick, and I think most of us
who were involved in that program at that time
very clearly had in mind the space program that was
to follow. It is not at all unfortunate that not every-
body climbed on the bandwagon so soon, because it
was still in preliminary stages at that time. I think
the program has come along in very good timing
at a very good pace. We were beginning to be
ready with the concepts at the time the public was
ready to grasp the importance and the incentive of
the program.
BISPLINGHOFF: Yes, I think your statements are cor-
rect. I remember a paper in the late 40's that illustrated
we had, at least in view, the technology that would
be needed to take us to the Moon. On the other
hand, in NACA in those days the budget was some-
thing in the order of $60 to $70 million and very
little of that money could be invested in space ac-
tivities because the NACA was simply dedicated
to aeronautics. It had not turned the corner, and it
really did not turn that corner until the mid 50's
when the people within the NACA realized it had
to go into the space activity. Although there were
many people who had faith in the future of space
activities, it was very hard to get money to devote to
space research.
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There are plenty of good reasons for getting excited
about the age of voyage and discovery in outer space.
But we all have to look at so immense a subject
through our own professional keyholes. So, as a
political scientist, my good eye is glued to the poli-
tics of outer space—because the politics of outer
space may have a lot to do with those rather abstract
goals of ours called "peace" and "world order."
As one of the junior vice presidents in charge of
worrying about world order, I was privileged to be
much involved in the staff work that led the United
States to launch the Charter of the United Nations
beyond the gravity pull of our own planet.
It was already Year 5 in the Space Age when we
proposed, the Soviets cosponsored, and the United
Nations General Assembly unanimously voted a land-
mark resolution on the law of outer space placing
space and celestial bodies beyond the claim of nations.
(We do not yet know whether those principles
will commend themselves to whatever intelligence
we may meet Out There. But the Preamble and the
first two Articles of the Charter are a good summary
of what we have learned from several thousand
years of feuding and fighting among men who are
brothers and brothers who are different from each
other. So if we do meet anybody Out There, and
he or she is intelligent, maybe the logic of this
concentrated wisdom will turn out to have a wider
appeal.)
Sometimes, in my unscientific dreams, I wonder
what one of our astronauts, a first envoy of the hu-
man race, would have to say if he met a being from
another planet. Suppose the Martian or Venusian
said, "Tell me, in a few words, what's the essence
'Now United States Ambassador to the North Atlantic
Treaty Organization, Paris.
of what you on Earth have learned from your brief
half-million years experience with life." Would
our man try to explain to Mars and Venus the is-
sues in the Cold War? Or would he talk about
what we have learned, with much stalling and much
grinding of our political gears, about how groups
of men can cooperate with each other?
I think our astronaut would be more likely than
most Americans to talk about international coopera-
tion. For he operates under an act of Congress which
enjoins NASA to conduct its space program in co-
operation with other nations. He knows that every
shot from Cape Kennedy requires a web of inter-
locking agreements with other lands. And he would
know, I suppose, that we are even now negotiating
an international agreement in which the nations that
experiment in outer space assume the liability for
accidents they cause, and every nation would agree
to return to his land of origin any astronaut or his
vehicle which fell to Earth within its boundaries.
From where I sit, it is clear that so far, the ex-
ploration of outer space has drawn men and nations
together more than it has spread them apart.
The same is true, by the way, in the exploration
of Antarctica, that empty windy land populated by
penguins who know how to picket but who do not
carry signs. Maybe the lesson of this analogy is
that it is easier to cooperate where there are no
people.
But a more relevant lesson is surely this: Where
nations perceive a common interest, they can readily
come to clear and enforceable agreements.
The law of outer space is like the law of your
own community: Your freedom and my freedom to
do damage to others is restrained in the interest of
my freedom and your freedom to walk unmolested
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the streets we share. There is no other basis for free-
dom or civil order, whether in Missouri or on the
Moon.
Our experience tells us that three conditions must
be fulfilled before nations can agree to work to-
gether—even if they continue to argue vigorously
about why they are working together.
First, the technology to make cooperation necessary
must be there.
The airplane made international air safety regu-
lations both possible and necessary. When scientists
found that mosquitoes carried malaria and mosqui-
toes could be killed with DDT, it became possible
to eradicate malaria from the face of the Earth—and
ridiculous not to do so forthwith. Once space began
to fill up with castoff hardware and other technologi-
cal garbage, we had to start moving toward the
registration of launchings—which the UN now does—
and toward an international agreement about liability
for accidents.
But technology does not speak for itself. So,
second, national leaders who understand its promise
and its peril must come to feel the need to cooperate,
to channel and contain the inventions of the sci-
entists and the innovations of the engineers. We
see again and again that a nation can perceive its
own interest in cooperating with others about one
subject, while carrying on political quarrels on other
subjects. In dealing with other men, it is hard for
us to trust them in compartments—to sign an agree-
ment on one subject and fight with them or haul
them into court on another subject. Yet that is
just what nations do, because technology makes it
imperative.
It is not enough for technology to require and a
nation's leaders to perceive the need for a break-
through in international cooperation. There must,
third, be international institutions to reflect the com-
mon interests—to put the technology in the service of
felt needs.
Let us now bring these abstractions down to
Earth—if that is a permissible manner of speaking
at a symposium on space. Let us at least bring it
down as far as the atmosphere that envelops the
Earth. For that cliche of Mark Twain's is obsoles-
cent—somebody is doing something about the weather
these days.
What is happening to weather reporting and fore-
casting is both clear and exciting. And beyond that,
what man might do to modify the weather makes a
political scientist blink at the political fallout of the
atmospheric science.
Men have always known that their livelihood,
and often their lives, depended upon the weather;
but until very recently that is about all they knew
of it. That is why they endowed the elements with
the attributes of gods. You may have seen the lovely
Tower of the Winds built in Athens in the first
or second century B.C., or the sculptures of the fierce
rain god of the Maya civilization in Mexico, or the
Pueblo Indian dance to appease the sun god. In
any event, the chances are that in the past 24 hours
you have uttered or heard some superstition that
comes to us out of the rich mythology about weather
which is still deep in our culture and our conscience.
Until recently the best a sailor could do about
the weather was to wet his finger, watch the sky,
and repeat the inherited folk-wisdom—"Red sky in
the morning, sailor take warning; red sky at night,
sailor delight." Some farmers who lived close to
the earth acquired—as a function of their joints
if not of their reason—mysterious and often mis-
leading hunches about the weather. The hunches
did not help very much: the rain still fell before
the hay was in, and the ground was still parched
and dustblown when the sun shone too hot for too
long.
What did help were the first steps in the transi-
tion from mythology to technology. I will not review
the long and stirring history of that technology.
In the middle of the seventeenth century one of
Galileo's graduate assistants developed a primitive
barometer—and in the early eighteenth century Fahr-
enheit, in Holland, invented the mercury thermome-
ter—and as such tools were invented, the cussed
curiosity of men led to the beginnings of a syste-
matic science of the atmosphere.
For a while there were some rudimentary tools
but no theory to work with. Then in the eighteenth
century a brilliant theoretical physicist named Helm-
holtz worked out the basic theoretical equations
of hydrodynamics. Now nobody knew how to apply
the theory to the way the atmosphere actually worked,
so for much of the two centuries that followed, theory
ran ahead of the tools in the newly emerging science
called meteorology.
Then suddenly new inventions came along rapidly.
The electric telegraph made it possible to collect
enough data fast enough to make the first stab at
THE POLITICS OF OUTER SPACE
	 131
forecasting the weather without depending on old
wives' tales or plying the gods with questions.
Then came the radio—and the airplane—and
photo transmission by wireless. And the Second
World War came, too—with its suddenly expanded
and urgent requirements for greatly extended upper
air observations—and especially with the new elec-
tronic computer.
Soon the science of meteorology was coming of age
due to the convergence of three major developments.
One was a refinement and simplification of Helm-
holtz's theories of hydrodynamics and their applica-
tion to the atmosphere. Meteorologists came to un-
derstand much more about the physical processes
occurring in the upper air. They could begin build-
ing more complex models of the Earth's atmosphere
as a basis for long-term weather forecasting.
Then the electronic computer opened the pros-
pect of processing enough data fast enough to make
longer-term forecasting mechanically possible before
the weather had come and gone.
And when observation and communication satel-
lites came along, they offered the potential for col-
lecting enough data for processing and then for dis-
tributing it in time to do the receivers some good.
The marriage of these technologies for the first time
made it possible to think seriously about the atmos-
phere of the Earth as the single, self-contained physi-
cal system it is now considered to be—in other words,
to view world weather as the Lord has presumably
viewed it right along.
With the technology as well as the theory in sight,
the weathermen got excited; and since everybody is
interested in the weather, it was not long before the
second condition of progress was manifest—a felt
need for international cooperation.
There remained the need for an international in-
stitution to put available technology to work in the
common interest. This would complete the precon-
ditions for agreement on the things that draw nations
together.
In 1951—just 14 years ago and only 6 years
before the first Sputnik—an "ancient"professional so-
ciety called the International Meteorological Organi-
zation had become an inter-Governmental agency
with executive capacity called the World Meteorologi-
cal Organization (WMO), affiliated with the United
Nations as a specialized agency.
Just 4 years ago—which was 4 years after Sputnik
I—President Kennedy laid down a challenge to the
United Nations: to design a global weather report-
ing and forecasting system for the benefit of every
nation in the world—a World Weather Watch, as
it came to be called. With such a system it may be
possible to provide daily weather forecasts for peri-
ods of up to 2 weeks ahead, compared to 3 days at the
best today.
The implications are simply breathtaking—for ag-
riculture, for flood control, for navigation, for tour-
ism, for sports and recreation—for every nation with
airplanes to fly, for every firm with work to be done
outdoors, for every family planning a weekend outing
or a wedding reception on the lawn.
This will not be ready tomorrow, but the planning
is moving ahead at the WMO and in the national
weather bureaus, especially our own. There is plenty
of engineering ahead—political and social engineering
as well as the other kind. But we are on our way,
and there is every reason to expect a functioning
World Weather Watch by early in the decade of the
'70s.
And the story will not end there. Somewhat
further in the future lies the exciting prospect of
purposeful modification of the weather by man—of
minimizing the incidence and the severity of hur-
ricanes, tornados and other violent storms—of in-
fluencing the level of precipitation, and, perhaps,
of modifying temperatures.
This will depend upon basic research which is
not yet done, but which is getting underway. There
is no sound basis at this time for predicting when
we may acquire the awesome power to alter the cli-
mate upon which human and all organic life depends.
But when the time comes—as almost surely it will—
it is a power that cannot rest in the hands of any
one nation.
President Johnson said it when he sent to Congress
earlier this week a National Science Foundation re-
port on weather modification: ". . . it is clear that
large-scale weather or climate-control schemes can-
not be contained within national boundaries."
We do not want other nations modifying our
weather, and so we will certainly have to accept some
restraints on our freedom to modify theirs.
The agreements that will make a world system of
the world's weather envelope are just an illustration—
but a good one—of the proposition that international
politics is not a "zero-sum game" in which an inch
gained by our player must mean an inch lost by
another.
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The reality is that international agreements can
be reached—and international organizations can be
formed—and international common law can be
elaborated—on subjects which draw nations together
even as they continue to quarrel about the frontiers
and friends and ideological frenzies which keep them
apart.
So let's look for a moment at the political merits
of functional organizations—the kind that work at
peace through meteorology, or health, or food, or
education and training, or communications, or culture,
or postal service, or children, or money, or economic
growth—or the exploration of outer space—organi-
zations, that is, for the pursuit of some specific and
definable task beyond the frontiers of one nation—a
task for which the technology is already conceived
or conceivable, for which a common interest is mu-
tually recognized, for which institutions can—and
therefore must—be designed.
• Organizations like these begin by taking the
Nvorld as it is. No fundamental political reforms are
needed; no value systems have to be altered; no
ideologies have to be seriously compromised.
. These organizations start from where we are, and
then take the next step. And that, as the ancient
Chinese guessed long ago, is the only way to get from
here to there.
• These organizations tackle jobs that can be man-
aged through imperfect institutions by fallible men
and women. Omniscience is not a prerequisite; the
peace of the world does not stand or fall on the
success of any one organization; mistakes need not be
fatal.
• These limited-purpose organizations bypass the
obstacle of sovereignty. National independence is not
infringed when a nation voluntarily accepts in its
own interest the restraints imposed by cooperation
with others. Nobody has to play who doesn't want
to play. But for those who do play, there are door
prizes for all.
• These organizations built around an agreed task
can readily achieve a reasonable balance between
power and representation in the control of the organi-
zation. In the General Assembly of the United Na-
tions the principle of one vote for each nation is
sacrosanct. But in a functional organization it is
possible to work out ways in which those who con-
tribute most of the resources can take a larger re-
sponsibility for decisions as to how those resources
will be used. In the International Labor Organiza-
tion, the industrial nations have a special position;
in the International Maritime Consultative Organi-
zation, the big shipping nations, including Norway,
have a special voice. In the UN Outer Space Com-
mittee, there is an unwritten rule that the nations
actually engaged in exploring space will act by con-
sensus rather than fail to act by taking votes. And
in the UN Security Council, of course, the special
right of veto is reserved to the Great Powers, by the
Charter itself.
• Finally, these task-oriented organizations can
readily grow with the need and adapt to the new
tasks made possible by new technologies. Healthy
institutions, like healthy cells, grow organically, by
evolution.
None of these advantages of the functional ap-
proach to world integration are theoretical. The
International Postal Union survived two world wars
that left the wreckage of political agreements scattered
all over Europe. The League of Nations fell apart
but its functional organizations—such as those for
weights and measures standards, narcotics control,
and labor standards—all survived and are going
stronger today than when Stalin, Hitler, Mussolini,
and the Japanese walked out of the League. At the
height of each Berlin crisis, the United States and
the Soviet Union persist in cooperating to regulate
the hunting of seals in the Bering Sea—as they have
done for several decades.
Two examples from the front pages of our
newspapers are more than enough to clinch the
point. The General Assembly of the United Na-
tions was out of business for a year over a politi-
cal-constitutional point which so far has prove insol-
uble—while the Specialized Agencies and affiliated
organs working at functional tasks proceeded apace.
And in the midst of the military, political, and diplo-
matic turmoil of Southeast Asia, the organization
charged with the regional development of the Lower
Mekong Basin has continued to work in routine and
astonishing harmony.
International technological agencies, then, can
guide peaceful enterprise and weave the nations to-
gether with functional strands despite their political
conflicts. Yet they obviously cannot by themselves
keep the peace of the world. International peace-
keeping machinery is needed for that.
But is not peacekeeping also a specialized, func-
tional task?
And if so, can we learn something about peace-
keeping by remembering what is needed for success-
ful cooperative work at other functional tasks, like
THE POLITICS OF OUTER SPACE
	 133
world-weather forecasting? The analogy is not exact,
of course, but perhaps it is instructive.
We can dismiss at once the first test—that of ade-
quate technology for peacekeeping. If there is any-
thing that is surplus in this world, it is the physical
tools for the enforcement of order.
The next requirement is the felt need—the percep-
tion of a common interest. And in a crude sense,
I think it can be said that it is precisely a recognition
of common interest in survival which has led to the
partial ban of nuclear weapons tests, to the instal-
lation of the hot line, to the banning of weapons in
outer space, to the cutback in production of fissionable
materials, and to mutual steps toward some reduction
in armaments expenditures by the Soviet Union and
the United States. There is, in short, recognition of
a common interest in the prevention of a nuclear war.
And I think this extends to conventional wars
as well—because conventional war could lead to
nuclear war. It was 15 years ago that an invading
army was last marched against an opposing force
across a boundary line fixed by international agree-
ment. And I think that Korea proved that there
is no more nourishment for anybody in old-fashioned
aggression—that there is a common interest in the
prevention of conventional as well as nuclear war.
But when we get to the modern doctrine of mili-
tant violence—to what the Communists call "wars
of national liberation" and what we call "clandestine
aggression"—we meet the greatest threat to world
security today. For on this subject there is no felt
need for international cooperation, no recognition
yet of a common interest; indeed, there is total dis-
agreement over where the interests of the nations lie.
And it is here that the third precondition for co-
operative action—the institutional machinery to use
available technology to serve common interests—is
sadly lacking.
We are hopeful that out of the Dominican
experience will come a recognition of a common in-
terest in the Western Hemisphere in providing our
hemispheric institutions with adequate peacekeeping
machinery.
The framers of the Charter of the United Nations,
like the founding fathers of the Organization of
American States, did not foresee the emergence of
a doctrine of hidden aggression. The UN's peace-
keeping machinery was conceived for the purpose
of coping with traditional conflict. It is not yet
fully adequate to deal even with more familiar
threats to the peace. But it has not found the handle
to deal, so far, with recent aggression, masquerading
as wars of national liberation, in Africa and South-
east Asia.
The most hopeful thing that can be said about
this state of affairs is that the institutional gap for
dealing with contemporary threats to the peace has
been made glaringly evident—which is usually the
precondition for institutional invention.
Clearly we need functional organizations both to
keep the peace and to foster a progressive interna-
tional community—the first needed to sustain enough
order in the world while the second proceeds to inte-
grate the world along functionally useful lines.
Obviously the two interact. If we cannot contain
the so-called "wars of national liberation" by inter-
national action, political temperatures may rise to
the point where nations become unwilling to co-
operate even where it is obviously in their common
interest to do so.
On the other hand, whenever organizations of a
functional world community succeed, then political
quarrels may seem so damaging to shared national
interests that the quarrels have to be resolved or
submerged.
And this is why—as a political scientist working
at the nuts and bolts of peace on Earth—I am excited
about the politics of outer space.
Space is not a new subject or function—or aca-
demic discipline, for that matter. It is rather, a new
place in which all the old familiar arguments and
uncertainties are born again. But in this newly ac-
cessible place called space, the new uncertainties are
so massive that even the largest temporal powers,
feeling even smaller in an expanding universe, are
drawn together in the search for God knows what.
So far, at least, the environment of outer space
is favorable for international cooperation—not only
in weather but in communications, in medicine, and
in law. Two presidents have even suggested that we
go to the Moon as envoys, not of nations but of
mankind at large.
Whatever cooperation you can achieve with other
nations in preparing, launching, and tracking and
using the scientific satellites of man's intelligence,
will be part of the contagion of peace—that mysteri-
ous process by which nations become so accustomed
to working with each other for mutual benefit that
the emotional rivalries of the past are pushed aside,
not to be settled but, better, to be forgotten.
Thus when we meet to deliberate on the peaceful
uses of outer space, we are dealing with the prospects
of peace on Earth.
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This session of our Symposium will deal with the
impact of the Space Age on communications. If com-
munications had been developed to the extent that we
are predicting, Father Reinert would be presiding
here this morning, but since he is in Rome and our
communications have not yet developed to that point,
he was unable to be present.
It seems to me a very appropriate thing that the
Jesuit institution should participate in a symposium
of this sort. When I think back over the history of
my own order and the exploration of the early
Jesuits, not only here in the Midwest by the famous
Father de Smet, but throughout the Americas and
also penetration into China, I remember the words
of the historian Bancroft about the colonization of
Canada, that not a cape was turned, not a bay entered,
but the Jesuits led the way. And reflecting on all
these things, it is a source of personal regret that
the first astronaut was not a Jesuit. However, there
is, I understand, a young Jesuit in training to be
an astronaut, and he, perhaps, will found the first
Christian mission on Mars. Though at the present
moment, it is not very theologically clear as to ex-
actly what he would be doing there.
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Speaking in Washington, Frank Stanton, president
of the Columbia Broadcasting System, said, "The
mountains have been leveled and the oceans dried
up by an 85-pound piece of scientific jewelry trans-
mitting a 6-watt signal." These are among the more
colorful words that have been used to describe our
Early Bird satellite. It has been called many other
things and probably will be called many more, but I
think most people agree that it does herald the dawn-
ing of a new era in long-distance commercial com-
munications. The full implications cannot as yet be
adequately assessed, but Mr. Stanton is surely right
when he adds that a new potential for all mankind
has begun. Thus, it is especially appropriate, I be-
lieve, on an occasion such as this to review where we
stand in our efforts to exploit possible areas of impact
of this new technology.
The charter for our unusual Corporation was pre-
pared in 1962 through the passage of the Communi-
cations Satellite Act. After much study and debate
it had been decided that the new capability for com-
munications which had been born with the space age
and the potential that it held should be exploited
through a unique private corporation imbued with a
strong sense of public responsibility and subject to
close Government scrutiny and regulation. And today,
almost three years later, there is little about our Cor-
poration and the problems we daily face that is not
unprecedented. We thus live in an unusual environ-
ment that carries with it the excitement, the uncer-
tainty, and the challenge that perhaps befits the
momentous responsibility which has been assigned
to us.
This assignment was summarized by the Act of
1962 as follows: ". . . to establish in conjunction
and in cooperation with other countries, as expedi-
tiously as practicable, a commercial communications
satellite system as part of an improved global com-
munications network which will be responsive to
public needs and national objectives, which will serve
the communication needs of the United States and
other countries and which will contribute to world
peace and understanding." With such a charter, the
Corporation formally came into existence in early
1963, with no staff, no program and no funds.
Today, just a little over two years later, we are
still unusual. We have capital resources of close to
200 million dollars, or interestingly enough, about
one million dollars per employee. We have organized
and are members of an international consortium com-
prising telecommunications entities from 43 other
countries and Vatican City State. We are the manager
for the implementation of the space system on behalf
of all of these participants.
The stock in our corporation is held by 164 com-
munications carriers and more than 140 000 stock-
holders distributed throughout the United States and
abroad.
In accordance with the provisions of the Communi-
cations Satellite Act, we have a most able 15-man
Board of Directors with 6 members elected by the
public stockholders, 6 members elected by the commu-
nications carriers stockholders, and 3 members ap-
pointed by the President with the advice and consent
of the Senate.
We have an initial satellite in orbit which has
successfully completed all experimental tests and is
about ready to enter commercial service. We have
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completed design studies of various approaches to a
satellite configuration that would provide a global
capability in 1967, our so-called basic system.
After deliberate and careful consideration, the
Federal Communications Commission has given the
Corporation the authority to proceed with the develop-
ment and activation of three terminal stations in the
United States to work with the basic global system
which we plan to have in operation by the end of
1967. These stations will be in the northeast part of
the United States, the northwestern portion, and in
Hawaii.
Today we are filing with the Federal Communica-
tions Commission the first tariffs for the provision of
commercial service via the Early Bird satellite.
Thus, in less than 3 years, a bitterly debated docu-
ment in the Congress and an idea have been translated
into a vehicle which stands on the threshhold of pro-
viding the world's first communications service by
satellite. This, then, is the dawn of a new capability—
of a new facet to the communications picture which
almost everyone agrees will exert a profound influence
in the coming years on many facets of our every day
lives.
Although communications is as old as the human
race, it is perhaps not generally appreciated that high
quality communications on an international scale is
really only an infant industry. It has taken thousands
of years for communications to progress from simple
exchanges between individuals in isolated little groups
to rather limited communications between the major
industrial and commercial centers of the world.
But the pace of progress has been rapidly acceler-
ating. As new and improved telephone cables have
linked the major continents of the world the stimulus
to rapidly expanding international contact has been
striking. And yet, we should recall that the first trans-
Atlantic telephone cable was laid only in 1956, less
than 10 years ago, and the first cable across the Pacific
went into service only last year. And now, with
satellites, a new dimension is being added—a dimen-
sion that today is free of any real constraints on the
type of traffic that can be carried—a dimension that
is automatically global and, hence, can tie any country
in the world to any other country without dependence
upon linkage through any third country. It can span
oceans or continents with equal ease, and, once such
a pattern of global satellites has been deployed, the
price of admission to a global communications capa-
bility is the cost of a terminal station. Depending
upon the type of station being considered, this number
may range from perhaps $2 million to $7 million,
but, in any event, a most modest investment for a
facility to link a country with the rest of the world.
I believe that the tremendous interest shown by
countries throughout the world in desiring to become
partners of the international satellite consortium is a
striking indication of their desire and need for high
quality international communications. The advent
of this capability, in turn, will further stimulate the
improvement and expansion of their own internal
communications capabilities with the attendant effects
upon all aspects of economic growth and development.
There appears to be general agreement that new
communications facilities will further stimulate the
present rapid growth in international communications.
Some time ago, the chairman of the Federal Commu-
nications Commission indicated that we might be
talking about a half billion dollar international com-
munications industry by 1970, or perhaps a billion
dollars by 1980. In presenting its estimates as to
potential international traffic to a world-wide meeting
under the aegis of the International Telecommunica-
tions Union late in 1963, our Government indicated
that by 1980 it could be anticipated that two-thirds
of the world's international communications traffic
would be carried by satellite.
Thus, today, less than 10 years after high quality
communications became possible on an international
scale, we stand on the threshold of a new capability
whose flexibility, scope and diversity seem certain to
open up not only other areas of the world, but new
communications possibilities that extend well beyond
normal message and voice traffic. It has become fea-
sible, for example, to think in terms of massive com-
puter operations on a global scale, with a computer in
one part of the world working through and with a
computer in another part of the world. Thus, satellite
use can be foreseen for such operations which involve
data preparation, correlation, computation and data
exchange. These possibilities have potential in finance,
in manufacturing, in distribution of goods, in trans-
portation, in procurement, in billing and a host of
other related areas.
An interesting example of computer application
might be illustrated by reference to a program which
we are exploring with the Department of Civil Engi-
neering at the Massachusetts Institute of Technology.
The program is to explore the practical utilization of
remotely located engineering input/output stations
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linked to large central computers via communications
systems. The satellite system opens up possibilities
for these stations to be geographically very remote
from the central computer, such as in different coun-
tries, or even different continents.
Such possibilities are attractive for small and devel-
oping countries which do not have large computers,
and in regions which have limited conventional com-
munications capability. Civil engineering is a field
of interest and of active endeavor by all the countries
of the world, dealing as it does with transportation
systems, water resources, highways, dams, and a
countless variety of other systems. Basically, civil
engineering functions are common the world over,
thus, a computer-based system for civil engineering
practice can be applied throughout the world.
A high-speed, high-capacity computer is far more
economical for large problems if the machine is fully
utilized and this, in turn, is only possible if a large
number of users share the machine. Thus, communi-
cation linkages by satellite can provide access to the
computing service that would be out of the question
for most countries and that can be directly applied to
the development of the basic resources of countries
throughout the world.
I believe that the great appeal impact of live inter-
national television has now been dramatically demon-
strated through the various television demonstrations
via the Early Bird satellite. The applications to medi-
cine can be most dramatic as illustrated by the heart
operation shown on the inaugural program where a
large group of surgeons in Geneva, Switzerland,
witnessed an operation in Houston. The Royal Cana-
dian Mounted Police found one of its most wanted
men through the courtesy of Early Bird.
An international art auction was conducted by
satellite, and a glimpse of the world in color and
events as they happen has been brought to everybody's
home. Early Bird may even have an influence on the
future of professional boxing through its live trans-
mission of the debacle in Lewiston, Maine, to poten-
tially more viewers abroad than have ever previously
witnessed a so-called championship bout. Unlike the
fight, the transmission was live.
Another less publicized but dramatic demonstration
of the potential of communications satellites occurred
early this year when the first successful two-way com-
munications were accomplished between a jet airliner
and a ground station in California. A regularly
scheduled Pan American 707-jet successfully con-
ducted test communications after its departure from
Hong Kong with a specially equipped ground sta-
tion in California. A modified facility in Adelaide,
Australia, also received clear transmissions from the
aircraft. Thus, satellites offer a new potential to serve
the needs for regularly scheduled commercial airliners
flying the trans-oceanic air routes of the world.
There is interest in the possible use of satellites in
connection with the gathering of world-wide weather
data. In principle, a series of buoys located in the
ocean areas of the world can, on a regular basis,
transmit data via satellites to central facilities where
the information is received, digested and translated
by computers into world-wide weather forecasts.
You may have read recently of the proposal by the
American Broadcasting Company to move ahead
toward the activation of a satellite system to tie
together its affiliated television stations throughout
the United States by means of a satellite system.
Although their initial cost estimates for the establish-
ment of such a system are unquestionably optimistic,
there seems little doubt that a real potential exists for
providing such a service on a sound economical basis.
We have been exploring their requirements with
them; we have also been exploring the airline require-
ments and how they can be met through a satellite
system.
Our preliminary investigations indicate that basi-
cally the same mechanical design configuration, with
appropriate communications equipment changes, might
well be responsive to both needs. It appears that such
a satellite could be launched by qualified existing
boosters, for example, by an Atlas-Agena, using a
10 -foot-diameter shroud. This would permit a satel-
lite of approximately 9 feet in diameter to be used.
At a height of about 6 feet, a satellite having about
500 watts of primary power could be launched to
synchronous altitude with the Atlas-Agena.
Such a large satellite could provide approximately
1 kilowatt of effective radiated power for the aircraft
application and somewhat more for the television
case. The basic communications equipment would,
of course, be different for the two applications, but
as I have indicated, the overall geometry and mechani-
cal design could be the same. There are, furthermore,
basically no new techniques that would have to be
evolved with the possible exception of the demonstra-
tion in space of a proven design for a mechanically
or electronically de-spun antenna. On the basis of
the initial Corporation studies we may invite the
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industry, in the near future, to submit proposals for
a more detailed study of such a satellite. In the
television case, the satellite would have a capability
for 12 television channels and, thus, would be able
to serve the domestic needs of all the television
networks.
But before I dwell too long, and perhaps over-
emphasize the future possibilities, let me return to
our present program and the capabilities that are now
with us and those that we project for the near future.
When our technical program was initiated shortly
after the Corporation was formed, we immediately
focused our attention on three basic types of satellite
systems that might be considered to be practical candi-
dates for the world's first global commercial system.
We have described these three systems as, first, a
medium altitude, random orbit system; second, a
medium altitude phased system and, third, a syn-
chronous system.
In the first case, the satellites are deployed at
altitudes of the order of 6000 miles, and no attempt
is made to position the satellites with respect to each
other. Thus, a satellite of the simplest variety is
achieved but at the price of requiring the largest
number of satellites to achieve global coverage. Also,
since the satellites are deployed in random fashion,
there will be periods during which there will be no
satellites in common view between a pair of ground
stations. Hence, periodically, outages would be expe-
rienced in such a system. Since the cost of a satellite
system, however, depends very strongly on the satel-
lite lifetime that can be achieved, the simplest satellite
design is a most attractive element. Telstar and Relay,
furthermore, were both examples of the type of satel-
lite that could be used in such a system.
In the second type of system that we considered,
the satellites are deployed, again at the same altitudes,
but in this instance the satellites carry provisions for
adjusting the relative position of the satellites after
they are initially deployed. Thus, the satellites can
be arranged in such a way that continuous service
can be provided between links; that is, the satellites
can be positioned so that as one satellite descends
below the horizon, another appears above the horizon.
A smaller number of satellites is required than in the
first case; a family of 12 satellites, for example,
can provide excellent coverage.
In the synchronous system, of course, the satellites
are deployed at a very special altitude, namely, an
altitude of about 19000 nautical miles. At this
altitude, when placed above the equator, the move-
ment of the satellite is synchronized with the rotation
of the Earth so that to an observer on the Earth, the
satellite always appears to be in the same position.
Such a system requires the fewest satellites. Three
such satellites appropriately placed can provide global
coverage except for the polar regions.
However, because of small perturbing forces, such
a satellite must contain a capability for periodic orbit
adjustment. Additionally, the orbit injection prob-
lem is much more difficult than in the medium alti-
tude case. Finally, this type of satellite presents an
additional uncertainty for acceptable commercial tele-
phone use. At these high altitudes, a significant time
is required for a signal to be transmitted from one
subscriber to another subscriber via the satellite, and
for the return message to be received. This time
delay is of the order of 0.6 second.
This, of itself, may present no problem to the aver-
age telephone user, but, since domestic telephone sys-
tems are two-wire systems, it is necessary to insert de-
vices called echo suppressors into the lines so that a
disturbing echo of one's own voice is not received in
conjunction with the desired response. This echo re-
sults from the impedance mismatch between the inter-
national and domestic trunk lines which are four-wire
systems, and the local extension lines to the subscribers
which are two-wire systems. Since a perfect echo sup-
pressor does not exist, the real question is whether the
performance of the latest echo suppressors, coupled
with the inherent time-delay phenomena, will produce
a telephone circuit of a quality that will be acceptable
to the vast majority of telephone users.
This appeared to be such an important and vital
question in the selection of a system for global cover-
age that we decided that it would be highly desirable
to deploy a satellite of this type at an early date and
to submit it to experimental and operational use in
order to compile the necessary data that would be
essential for a final selection of the type of system
that should be used for global coverage. Thus, Early
Bird was born.
In addition, we activated design studies on each
of the three types of systems. The design of a
medium altitude, random system was approached by
the American Telephone and Telegraph Company
(AT&T) in conjunction with Radio Corporation of
America (RCA) . The phased system was undertaken
by the Space Technology Laboratories of Thompson-
Ramo-Wooldridge Corporation (TRW) and the Fed-
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eral Laboratories of the International Telephone and
Telegraph Company (ITT) . Hughes Aircraft Com-
pany initiated work on an advanced synchronous satel-
lite while proceeding with the development of Early
Bird.
The contract for the development of Early Bird
was let on April 15, 1964, and less than a year later
the satellite was positioned atop a Thor-Delta rocket
at Cape Kennedy destined for a spot over the Atlantic
Ocean 22 000 miles out in space. The satellite itself
is shown in figure 1. At 23 47 Greenwich Mean Time
on April 6, the Thor engine was ignited. The first
two stages performed perfectly, and, after the pro-
grammed coast phase, the third stage was fired over
South Africa to place the satellite into an almost
perfect transfer orbit. The initial inclination to the
equator was about 18 degrees and in this orbit, the
satellite travelled out to a distance of 22 680 statute
miles above the Earth and down to 910 miles.
During the next few days appropriate attitude and
velocity changes were effected through commands
generated in our command and control center in
Washington and sent to the satellite via the Earth
station at Andover, Maine. Then on April 9th, with
the satellite at its farthest point from the Earth's
surface, the final apogee rocket motor was fired to
place the satellite into a stationary orbit above the
FIGURE I. Drawing of Hughes synchronous satellite.
equator and the Atlantic Ocean. The accuracy of this
operation was such that the satellite was placed within
0.09 degree of the equator. Even while the satellite
was in its transfer orbit, test television transmissions
were sent from Andover to the satellite and back to
Andover, and the signals confirmed that the commu-
nications equipment was working perfectly.
During the last few weeks the lineup of the indi-
vidual telephone circuits on both sides of the Atlantic
has been underway. In the meantime, an extensive
series of television demonstration programs has been
undertaken by the television entities on both sides
of the Atlantic. As a general rule, Mondays were
made available for television demonstrations, although
exceptions to the Monday rule have been permitted.
It is interesting to note that in its first full day of
television usage on May 3rd, Early Bird transmitted
114 hours of television from North America across
the Atlantic to Europe and 124 hours from Europe
to North America. This continuous capability has
been in sharp contrast to the limited television trans-
mission times for the two Telstars and the two Relays,
where the maximum transmission period was severely
limited and where transmission was only possible
during appropriate orbits. Early Bird has a capacity
for at least 240 two-way telephone circuits, a capacity
that approaches the total capacity in all the cables
that have ever been laid between the United States
and Europe. It can carry a limited number of two-way
telephone circuits even with television transmission
in one direction and, as has been demonstrated, it can
handle black-and-white television in two directions
simultaneously, or color television in one direction.
And so Early Bird stands ready to perform its first
commercial tasks. Its main usage will be to provide
additional two-way telephone circuits across the At-
lantic. A thorough program is being established to
accumulate data on the customer reaction to the echo
suppressor time-delay phenomena. It will take some
months to accumulate sufficient data to make a final
determination. But the answer will in large measure
determine the altitudes at which the satellites which
will comprise the global system of 1967 will be
deployed and the orbital pattern that will be selected.
We have procured a second Early Bird and the parts
for a third and are prepared to assemble these into
a complete package. If the Early Bird proves to be
highly acceptable for regular telephone service, a
global family of satellites of this type could, of course,
be established in the very near future. The creation
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of a global communications capability, however,
would depend upon the activation of a network of
appropriate ground stations. Hence, in this instance
the ground station implementation schedule would
control the institution of world-wide service. For the
initial service via Early Bird, we have leased the
station at Andover from the American Telephone and
Telegraph Company and have invested approximately
$900 000 to modify and adapt the station (fig. 2) for
this usage. Pacific service is, of course, dependent
upon the activation of suitable facilities in Hawaii
and in the western part of the United States. Nov
that the FCC has rendered its decision on ground
station ownership, the Corporation is moving with full
vigor toward the implementation of these facilities.
Let me return now, however, to the selection of
the satellite system that we have referred to as the
basic system and which we contemplate capable of
providing communications services of all types on
a global basis. The design study of the AT&T-RCA
medium altitude random orbit satellite yielded a con-
figuration which is shown in figure 3. Its charac-
teristics are shown in
130 pounds in orbit	 40-inch height
spin-stabilized
The TRW-ITT medium altitude phased effort, in
addition to providing equipment for initially position-
ing the deployed satellites with respect to each other,
included a gravity gradient stabilization system to per-
mit the radiated energy to be directed towards the
Earth's surface. The model of this satellite is shown
in figure 4. Its characteristics are
two 4-watt transponders	 solar powered
1000 two-way channels 	 572-inch diameter
260 pounds in orbit	 34-inch height
gravity gradient stabilized
Finally, the Hughes Aircraft Company design for
an	 advanced synchronous satellite yielded 	 the con-
figuration shown in figure 5. Its characteristics 	 are
two 6-watt transponders solar powered
1000 two-way channels 56-inch diameter
150 pounds in orbit 57-inch height
spin-stabilized with H2O , and/or H2O
antenna control system
7-watt transponders 	 solar powered	 When our program was initiated, experience was
260 two-way channels	 49-inch diameter	 limited as to the reliability of control systems neces-
FIGURE 2.—Ground station at Andover, Marne.
FIGURE 3.—Drawing of medium altitude, random orbit
satellite designed by American Telephone and Telegraph
Company in conjunction with Radio Corporation of
America.
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FIGURE 4.—Drawing of medium altitude, phased satellite
developed by Space Technology Laboratories of Thompson-
Ramo-Wooldridge Corporation and the Federal Labora-
tories of the International Telephone and Telegraph Com-
pany.
FIGURE 5.—Hughes advanced design synchronous satellite.
sary to properly position and maintain satellites in
orbit. Although operating lifetime may still be a
question, the successful operation of Syncom-II,
Syncom-III, and Early Bird suggests that high con-
fidence can be placed in such systems for initial
emplacement and subsequent performance at least for
periods comparable to those accumulated thus far. It
is interesting to note that during the first 10 days after
Early Bird launch, 55 commands were transmitted to
the satellite and 2969 valve operations took place in
the two H_O, systems during 25 orientation and
positioning maneuvers.
As a result of this experience and the inherent limi-
tations of a medium altitude random orbit system with
respect to continuity of service and the large number
of satellites required for global service, it is our con-
clusion that such a system should no longer be
considered for global deployment. As a matter of
fact, RCA had already proposed a modification to its
design to incorporate an ability to initially position the
satellites with respect to each other.
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It now appears to us that a design can be evolved
which without major modifications can be used either
in a synchronous orbit or in a phased system at any
altitude between 6000 miles and synchronous alti-
tudes. Accordingly, we now propose to invite the
industry to submit proposals for the development of
such a satellite and we hope to initiate active develop-
ment in the coming months on a schedule that would
permit full global deployment by the latter part of
1967.
We would anticipate that this satellite would have a
capacity of at least 1000 two-way telephone circuits;
it would carry dual transponders and would have a
means for directing the radiated energy towards the
Earth's surface. We would anticipate that a number
of such satellites could be launched by a single booster
rocket. We expect to formally submit these specifica-
tions to the industry in the very near future. In the
meantime, Early Bird will pioneer the commercial use
of satellites.
On the European side, Early Bird will work with
four ground stations. It has been fully checked out
with the French station at Pleumeur-Bodou, the Ger-
man station (fig. 6) at Raisting, the British station
at Goonyhill-Downs, and the Italian station at Fucino.
The Big Dome (fig. 6), which will be used to link
Europe and North America through Early Bird, con-
tains the huge antenna located at Raisting, about 20
miles southwest of Munich; it was built by Deutsche
Bundespost and completed late in 1964. The inflated
dome is more than 130 feet high and 160 feet in
diameter. It houses the giant, 280-ton parabolic
antenna which is controlled by a pre-recorded, com-
puter-prepared, magnetic tape. Nearby, the adminis-
tration and control building houses the computer and
power supply facilities, as well as the radio relay
equipment which connects the station to the German
telephone and television networks.
By early next year, we expect a Canadian station
FIGURE 6.—Ground station at Raising. German.
in Mill Village to join the family of Earth stations
that will be transmitting and receiving commercial
traffic through the satellite.
Although I have given you some glimpses of what
the future may portend, no one can, at this stage,
accurately portray the pattern of the future. The era
which we now enter will, however, without a doubt,
open up countless new vistas, and perhaps it is not
too much to hope that this facet of space technology
will bring with it, through communications, the inter-
national contact and understanding that is funda-
mental to world peace.
COMMUNICATIONS PROGRESS AND PROBLEMS
Richard R. Hough
Vice President
AMERICAN TELEPHONE
AND TELEGRAPH COMPANY
It is a privilege to be part of this symposium dedi-
cated to the peaceful uses of space, particularly since
communications and space are so interrelated. Progress
in communications is essential to advances in the
exploration and use of space. And, conversely,
advances in the development of satellites are extremely
important to the future of communications.
In discussing the progress and problems of com-
munications and this interrelationship, I would like to
begin on the ground.
The information explosion touched off during
World War II continues unabated. There are more of
us; we want to communicate more; we want to com-
municate in a variety of ways. As a result, the demand
for communication services continues to rise and the
communications industry continues to grow rapidly to
meet this demand.
Today there are about 89 million telephones in the
United States, compared with 28 million at the end of
World War II, and of course virtually every family
has a radio and TV set. Roughly 84 percent of house-
holds in this country now have telephone service,
compared with 46 percent at the end of 1945. Hun-
dreds of millions of miles of cable, microwave routes,
and wire crisscross every segment of our country.
Thousands of switching centers join these facilities
into a fast reliable network ready to make any one of
15 X1014 different possible connections within a frac-
tion of a second.
Approximately 340 million conversations a day are
carried by this network, compared with 111 million
20 years ago. And over this network, not only do men
talk to men, but machines talk to men, men talk to
machines, and machines talk to machines. It offers
a complete communications service, handling just
about every form of electrical communication—voice,
data, TV, facsimile, writing, and so on.
Overall it is a far-reaching machine made up of
thousands of different components. New facilities
are being added and existing facilities are continually
being improved and rearranged to meet the burgeon-
ing demand for communication services.
At this moment, for instance, telephone engineers
are making the final tests on our first full-scale com-
mercial electronic switching office which will be cut
into service in Succasunna, New Jersey. This is the
first step in a long-range program that will change
the entire network from an electromechanical to an
electronic operation with much greater speed and
flexibility.
This type of growth and change has not been
limited to the domestic network. Telephone service
is now furnished between the United States and 184
overseas locations, and this traffic runs to 18 800 calls
a day. In 1945, the figures were 37 locations and 825
calls. These figures sum up the quantity side of the
story but do not indicate how the improved quality of
service contributed to this increase.
In 1954, for example, before the first transatlantic
telephone cable was installed between the United
States and Great Britain, we handled about 182 000
calls via shortwave radio circuits over this route. In
1957, the first full year of transatlantic cable service,
we handled more than 467 000—an increase of
over 150 percent.
At present there are four cables in service across
the Atlantic and another is scheduled for completion
this year. The latest cable has a capacity of 138 voice
circuits, compared with 36 in the initial transatlantic
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system. Still there are waits for circuits on this high-
density route.
Other cables, as you recall, are in service to Hawaii,
the Philippines, Japan, and points in the Caribbean.
And I might add here that we are continuing our
development work on a transistorized submarine cable
that will have a capacity of about 720 voice circuits.
This cable system could be designed to carry television
if it should be considered desirable.
While overseas traffic accounts for only a small per-
centage of Bell System revenues, it is one of the
fastest growing parts of the business—a business
which in the overall continues to increase at a rate
faster than that of the Gross National Product. In
the postwar period the U.S. telephone industry has
grown at the rate of 9.5 percent compared with 5.5
percent for the GNP. This points up the continually
increasing importance of communications to our eco-
nomic growth. This growth in communications is
not merely a reaction to demand, for the very same
technological advances that enable the communica-
tions industry to meet the increased demand also con-
tribute to that demand.
And out of the research and development effort of
the industry work originally aimed at improving
and expanding terrestrial communications—have come
developments that are vital to the space effort. They
have come out of the communications laboratories
because the problems of space and communications
have much in common.
Developments in microwave transmission; the
transistor; the solar battery; the maser; negative feed-
back; the concept of systems engineering; advances
in the switching art; printed circuits; microminiaturi-
zation of components—these and many other develop-
ments are playing their special roles in the explora-
tion and use of space.
Communications of the most modern and sophisti-
cated types are an indispensable ingredient of the
space program. The worldwide communications net-
work built for NASA for the Mercury project and
improved on for the Gemini project is essential to the
success of these programs.
Data from weather satellites are being received in
Alaska and carried to Washington, over the longest
broadband channel in regular use.
Guidance systems for the missiles themselves have
their basis in communications research. And the com-
puter, the major tool of our space program, owes
much of its rapid development to the invention of
the transistor.
By combining the outstanding achievements in the
field of rocketry with those in the field of communica-
tions, the working communications satellite has been
created. Echo, Telstar, Relay, and Syncom showed
the way, and now Comsat with Early Bird is getting
ready for commercial operation.
The information explosion, the growth of com-
munications, and the research and development work
of the communications industry have been essential
to the exploration and use of space. Now the com-
munications satellite opens up another aspect of the
interrelationship between space and communications.
Communications satellites have given man a marvelous
new facility to add to the extensive network with
which he has covered large parts of the Earth. And
progress in Earth satellites now becomes important
to the future of communications.
However, since communications satellites are, in
reality, an addition to the terrestrial network they will
have to justify themselves as to service and cost as
part of this much larger communications picture. The
indications are that they will do this, but many politi-
cal, administrative, and technical problems remain.
With a synchronous satellite, for example, there is
the problem of transmission delay in telephone con-
versations. This effect must be further evaluated
before final conclusions can be reached.
There is the problem of multiple access to a satel-
lite system—the resultant reduction in efficiency as
the number of ground stations using a single satellite
is increased.
Also, the life of satellites is an unanswered question.
They are designed and built to last a long time, but
only time can measure the actual life achieved.
Then there is the problem of selecting the system
or combination of systems that will do the best job.
And we must always keep in mind that communi-
cation is a two-way proposition. There must be some-
one on the other end who wants to communicate
with us by means of the same facility. Agreements
with overseas administrations and continuing coor-
dination with them are among the problems frequently
underestimated and always requiring attention.
But it is expected that these problems will be
overcome and satellites will soon be proving them-
selves as a valuable addition to the Earth's communi-
cation network.
Let me go back to my point that satellites must
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justify themselves as to service and cost alongside
alternate facilities available to the world's communi-
cation network. This is the way our present terrestrial
transmission systems have found their places in the
network. And the situation is far from a static one.
To go back a bit, in the 1920's scientists were work-
ing to put a dozen communications or more on a
couple of pairs of wires. Then came coaxial and micro-
wave radio systems that could handle thousands of
telephone conversations. While in recent years micro-
wave generally may have had the edge over cable, the
economic balance now shifts back and forth between
them. Only the other day, as a matter of fact, we an-
nounced plans for a new cable system between Boston
and Miami that will handle more than 30 000 conver-
sations at a time. It will be a "hardened," blast-resis-
tant facility, and will be cheaper than microwave on a
circuit mile basis.
Moreover, we have done a great deal of research,
and this is continuing, on a hollow tube communi-
cations system with a potential capacity of several
times 30 000 voice circuits. This can be implemented
whenever circuit cross-sections of this magnitude can
be justified on a single facility. Looking much farther
into the future we see the possibility of vast amounts
of information riding waves of light generated by
lasers.
As the technology and demand have advanced, the
balance among facilities—economics and service—has
shifted. The great reduction in the cost of long-dis-
tance transmission facilities in the past 20 years has
been due to the requirement for large circuit cross
sections between points, and the fact that technology
has made this possible on a single transmission
medium.
The economics of satellites are dependent on their
ability to provide large numbers of circuits. Most
likely, therefore, they will prove of particular value
on the high-density intercontinental routes, especially
the North Atlantic route, for it is here the demand
is large and rapidly increasing. Overseas telephone
calls on this route last year totaled almost 2 million.
We anticipate a continuing increase to a total of
almost 5 million by 1970, and both cables and satel-
lites will be needed to handle the traffic. In 1945
there were only 18 North Atlantic telephone circuits.
Today there are 350, and about 800 will be needed
by 1970.
Moreover, satellites look attractive here for another
reason. They offer diversity. Diversity of facilities
and routes is necessary to assure the continuity of
communications since the best laid plans and work-
manship of men are sometimes upset by hurricanes,
floods, fires, and trawlers.
Continuity of service is a very important considera-
tion in planning our construction program. A major
objective in selecting facilities and engineering routes
is to assure that communications will survive under
the worst imaginable conditions.
Both cable and microwave are used to obtain
diversity. Long-distance routes are chosen to avoid
target areas. Almost all these routes that we have
built since 1955, both radio and coaxial cable, have
been laid out on what we call the "express route"
principle. That is, instead of running from city to
city and interconnecting downtown areas, they avoid
major cities, military installations, and industrial com-
plexes entirely. They connect to the cities by means
of side legs. On both coaxial and radio routes, pro-
tection channels are provided that are automatically
switched into service in the event of unforeseen equip-
ment troubles.
Continuity of service is equally important for over-
seas links and is a vital consideration in the selection
and installation of facilities.
Because of the opportunity for flexibility offered
by satellites and because of the anticipated growth
in transatlantic calling, the Bell System informed
Comsat last year that if suitable facilities were avail-
able in 1966 or before, we would prefer to use satel-
lite channels to cross the Atlantic until we achieved
an approximate balance between cable and satellite
circuits. By "suitable" we mean circuits comparable
in quality and cost with circuits obtainable by alter-
nate means. We are confident that the necessary
circuits can be available when required.
Apart from high-density routes, however, it may
be some years before communications satellites live
up to some of the early claims made for them—espe-
cially claims that they would be an immediate boon
to the underdeveloped countries. The fact is that
the tempo of domestic economies in large areas of
the world is such that they generate very little com-
munications traffic. While this situation may change
more quickly than is foreseen, the figures are not
encouraging for Asia and Africa. In North America
we have 43.4 telephones per 100 population; Europe
has 8.7; South America drops to 2.5; in Africa and
Asia the figure dips further to 0.8. In some of these
areas the corresponding figures for television sets are
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only slightly higher and the pattern is similar. In
short, the value of a communications satellite system
in space is directly dependent on what a country has
on the ground.
Yet the potential is there—the capability not only
of telephoning but of sending television programs
live or taped or filmed from the world's great cultural
centers to every corner of the Earth. But perhaps the
development of electric power and the building of
transport and local communications systems come
before communications satellites.
Be that as it may, satellites will be an important
new addition to the world's communication network
a network which is the technical response to
the communication needs of modern man . . . a
network whose most extensive and highly developed
portion is right here in the United States . . . a net-
work that points up the interrelationship of the vari-
ous types of communications facilities.
It seems to me that we in the West must make
full use of our communications capability if the
communications needs of the Free World are to be
met. As the peoples of the world become more inter-
dependent, as well as the people within nations,
communications become even more essential to prog-
ress in the future than they were in the past; a more
important factor in economic growth and a more
important factor in survival.
We must push ahead on all fronts, recognizing
the interrelationship of space and terrestrial communi-
cation facilities.
There is need for further diversity and flexibility.
There is no need to take an either-or position on satel-
lites and submarine cables, since both will be neces-
sary. There is no need to take a rigid position on a
synchronous or a medium-altitude system, since there
is undoubtedly a place for each. There is need to
take the fruits of research and make them available
to man in the most convenient and economical form.
There is need to recognize, as the saying goes:
"In its present shape it's not the best of all possible
worlds."
As a people we are working to make it a better
one, and the space program has excited the sense
of adventure in men all over the world. But more
important, the communications satellite part of that
program has lifted men's hopes for peace. Some
say that by using space for man to communicate with
man we shall be able to bring the peoples of the
world closer together and increase the chances for an
enduring peace.
At a conference dedicated to the peaceful uses of
space we might ask: "What are we in the communi-
cations industry really contributing to peace?"
On this I defer to the theologian Paul Tillich,
who said recently that one basis of a genuine hope
for peace is the technical union of mankind by the
conquest of space. But he did not wish away the
dangers of the conquest. He went on to say:
Of course, nearness can intensify hostility; and the fact
remains that the first manifestations of the technical oneness
of our world were two world wars, proves this possibility.
But nearness can also have the opposite effect. It can change
the image of the other as strange and dangerous; it can reduce
self-affirmation and effect openness for other possibilities of
human existence and—particularly as in the encounter of the
religions—of other possibilities of genuine faith.
FUTURE IMPLICATIONS OF COMMUNICATIONS
TECHNOLOGY
Elmer W. Engstrom
President
RADIO CORPORATION OF AMERICA
There is an interesting symbolism in the composi-
tion of our panel today. I had the privilege of taking
part in the First National Conference on the Peaceful
Uses of Space under NASA sponsorship at Tulsa
in 1961. On that occasion, too, I was preceded on
the program by an illustrious speaker from the tele-
phone company—Dr. Pierce. It was a hard act to
follow—and I find myself in the same position today.
But if this suggests a pattern, it is one that I find
agreeably challenging.
In another sense, our panel represents a profound
change. The discussion at the 1961 meeting had
largely to do with the promise of active communica-
tions satellites which had not yet demonstrated their
effectiveness.
If it is true, as I believe, that our highest achieve-
ments result from the harmonious blending of stability
and change, then this pattern today augurs well for
communications.
When we met at Tulsa in 1961, our attention
was focused on the experimental programs then being
planned for Telstar and Relay at low to medium
altitudes. My own comments related to the problems
and prospects of synchronous satellites of the Early
Bird type, which then involved many unknown fac-
tors of economics and technology. The merit of the
synchronous method was so compelling in its promise
for system simplicity and multiple access from the
ground that there has been a determination from the
beginning to press for its realization.
Since then, we have passed through a cycle of
successful tests with two Telstar and two Relay
spacecraft, established the feasibility of synchronous
satellites with Syncom II, and started initial operations
with Comsat's Early Bird in synchronous orbit.
This is an astonishing sequence. As one who has
been engaged for many years in electronic communi-
cations, I find it difficult to recall any comparable
degree of technical achievement in so brief a period.
Having said this, I must state an important qualifi-
cation. It is perhaps tempting, in the excitement and
challenge of our space programs, to look upon satel-
lite communications as a radical departure from all
that has gone before. But if this view were to prevail,
we should be unable to take full advantage of the new
capabilities that satellites offer.
I stated in my 1961 presentation that the communi-
cations satellite is equivalent to the fanciful idea
of a relay tower thousands of miles high. The prin-
ciple is, in fact, identical to that employed in the
ordinary relay towers that dot the landscape around
us, carrying television, microwave, and other com-
munication services overland, With its immensely
greater height, however, this imaginary tower in the
form of an active satellite provides a single relay
link that spans thousands of miles on the surface of
the Earth, whether over the oceans or overland.
Thus, from the standpoint of electronic communi-
cations as a whole, the satellite relay does not herald
a completely new technology. It is instead a sig-
nificant extension of a broad existing communications
technology that is already in ferment in nearly every
principal aspect from circuitry to theory.
To place this latest advance into proper context,
consider for a moment the evolution of communi-
cations in this century. We entered the 1900's with
well-established and growing telegraph and telephone
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services. In the second year of the century, Mar-
coni accomplished his epoch-making transmission of
the letter S across the Atlantic, and the age of radio
was upon us.
For some years, electronic communications gen-
erally were hampered by the lack of suitable repeaters
to receive, amplify, and retransmit signals over long
distances. It is only within the past ten to twenty
years that we have advanced to high-capacity, wide-
band systems for all forms of electronic communi-
cations. Overland microwave services emerged in
practical form bolstered by the technology of World
War II. In the mid-1950's, transoceanic telegraph
cable capacity was substantially increased by means of
new vacuum tube amplifiers and the first transatlantic
telephone coaxial cable system was completed.
At the beginning of the 1960's, our communi-
cations systems were thus well along the road to
unlimited service in technical terms. Coaxial cable
and microwave relays provided high-speed, high-
capacity overland circuits for all record, voice, data,
and television transmission. Submarine cables and
shortwave radio provided both voice and telegraph
channels overseas from the United States.
The most serious remaining system limitation was
the absence of any reliable means for transmitting
wideband microwave frequencies across long distances
without using relays every 30 or so miles. Obviously,
this barred such transmission across the oceans. It
also was a practical economic limitation over remote
land areas.
It is worth noting here that we began to look into
outer space for a solution even before artificial satel-
lites became available. Experiments were conducted
during the 1950's with the reflection of wideband
transmissions from ionized meteor trails scores of
miles above the Earth. The Navy developed and
tested in 1960 a system using the Moon as a passive
reflector for voice, facsimile and other traffic.
At the same time, new electronic technology began
to suggest another possible solution. This has recently
matured in a development program for cables employ-
ing transistorized repeaters to achieve sufficient band-
width for television as well as voice and data services.
This is the communications environment into which
satellites are now being introduced. It is evident, from
this brief review, that satellite relays will have an
immensely important function. It is just as evident
that they are not systems in themselves, but rather
links in systems that include other communications
techniques as well.
Every international communications service today
involves a sequence of functions. It begins with local
telephone, teleprinter, or other connections available
to the user. His message is conveyed by one of these
means to a gateway station for overseas transmission.
It is sent across the ocean or intervening land mass
to the distant receiving station. Finally, it is delivered
through local connections to the recipient.
Inasmuch as satellites will perform in this sequence
as relays across transoceanic or transcontinental dis-
tances, they must be integrated smoothly with present
and future communications systems that use other
transmission methods at other stages.
To the extent that this is achieved, the advent of
satellites will remove the last remaining practical
barrier to world-wide communications by sight, sound,
and data. They will add a new dimension of flexi-
bility, for satellites can span land as well as ocean
to provide direct links among many countries and
regions simultaneously. Their ground terminals, un-
like those for submarine cables, may be situated any-
where within direct view of the space relay.
This extension into space represents today the most
dramatic single aspect of continuing rapid change
in communications technology. This change holds
immense promise for the future. At the moment,
however, the promise is perhaps obscured by the
turmoil that exists in the traditional pattern of our
communications.
Technically, we are capable now of doing far
more than we are prepared to do either politically or
economically. This is especially true in our approach
to international communications. We still operate
under national regulatory procedures that were con-
ceived at a time when a clear technical separation
existed between voice and non-voice services.
Thus we have today one commercial carrier author-
ized to handle international telephone traffic but
generally excluded from record service. We have
five other carriers competing for international record
business but excluded from public telephone service.
The record carriers can, however, lease private line
cable circuits over which customers can communicate
by record and voice.
Now, a new entity has appeared with the creation
of the Communications Satellite Corporation by Con-
gress. Comsat will own and operate the Nation's satel-
lite relays for international communications. The
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Federal Communications Commission has just ruled
that Comsat is the entity to own and operate, during
an interim period, the initial domestic ground stations
to complete the satellite-to-ground link in interna-
tional service.
This fragmented pattern persists today in an era
when technology has just about wiped out the dif-
ferences among the various forms of communication.
The wideband signals that pass through microwave
relays and satellites, and will pass through tomorrow's
transistorized cables, will include voice, data, tele-
vision, facsimile, or message traffic without distinction.
Our procedures will have to be brought into line
with these new realities if we are to make effective
use of the great potential that unfolds before us in
communications technology. And surely it will not
help to consider satellites as something apart. This
would simply extend the confusion outward into
space.
It is not my purpose here, however, to explore in
detail a problem that embraces basic questions of
business economics and political philosophy as well
as technology. I cite it simply to illustrate that rapid
technological progress can and often does force us
to review and either alter or discard many traditional
practices. The results are usually salutary, but the
process is apt to be uncomfortable. What I do empha-
size is the need to recognize that we are at a time
of change and that change is necessary. The develop-
ing technology and customer desire and demand will
require this. In working out the solutions we may
expect that certain organizational patterns will
change or disappear. With the solution, we shall
pass to a more useful, more sophisticated era in
communications.
We stand now at the threshold of such immense
capability in communications that we will be able
to do whatever we may envision in linking people
with people, people with machines, and machines with
machines. I believe that the rate of advance in these
areas henceforth will be determined by economic,
social, and political considerations rather than by any
significant technical limitations.
Strong and mounting pressures are at work to
expand all forms of electronic communications. Every-
where there is a demand for greater numbers of
conventional systems, to accommodate growing popu-
lations or to establish basic services where none yet
exist. In the industrialized nations, there is a rising
demand for new and sophisticated forms of communi-
cations to serve business, industry, government, and
individuals.
The principal agents in this pattern of expan-
sion are population growth, economic and techni-
cal progress, and increased knowledge from research
and education. These will continue to determine
the direction and rate of progress in most areas of
communications.
Population growth is, of course, largely a quanti-
tative factor. It continues to generate new demand
for more telephones, more broadcasting facilities, and
more of all other conventional types of service. The
principal contribution of technology here is to make
equipment and services available in growing quantity
and at lower cost in order to place these within reach
of more people.
The effort is achieving success, if we are to judge
by the statistics measuring change in the first part
of this decade. From 1960 through 1964, the world's
population of television sets rose from 76 million
to nearly 150 million. Radio sets rose from 330
million to more than 460 million. And telephones
in use rose from 133 million to 178 million. This
trend is, perhaps, to be taken for granted barring a
world-wide catastrophe; populations will continue to
increase and people will continue to demand more
communications facilities.
The general upward trend in economic activity
throughout the industrialized regions is a principal
immediate source of pressure for new concepts and
new applications for communications. This has moti-
vated our progress in microwave systems, industrial
controls, broadcast equipment and techniques, and,
above all, computers and data processing.
The computer itself is a communications phenom-
enon. It incorporates in one form or another many
techniques that have been developed for communica-
tions purposes in the past two to three decades. But
the instrument that combines these is far more than
simply another electronic device. The computer is
the heart of a broad new technology that embraces
information storage and retrieval, data analysis, com-
munications, display, and electronic printing. In its
various forms and functions, it is a highly versatile
and comprehensive system of information processing
for almost any conceivable purpose.
In the decade ending last year, the number of
computers used in this country rose from a mere
500 to more than 22 000. The numbers, however,
are less meaningful than the qualitative change that
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has occurred over the same period. The first com-
puters were assigned almost entirely to routine clerical
functions. Today they are used in several hundred
different types of application from inventory control
to market analysis. Even more significantly, computers
are now being gathered into growing networks linked
by high-capacity communications channels.
These multiple systems assemble, transmit, organ-
ize, and display many different sorts of useful intel-
ligence. Already they are affecting fundamentally
the basic operations of our public and private enter-
prises, although we stand only at the beginning of
their development.
The third principal factor in spurring communi-
cations progress is the mounting accumulation of
knowledge from scientific and social research, and
from the broadening of education. These trends
have generated a need for new and more effective
methods for classifying and storing information for
instant recall whenever and wherever it is needed.
This is a further capability afforded by the combina-
tion of computers and communications in a system
that provides access from many locations to a central
electronic library.
The principal role of space technology in this future
pattern will be to provide the vastly greater channel
capacity and operating economy that will be needed
over either land or sea for total communication among
computers, control systems, information banks, and
people.
Already, computers have been linked experimentally
across the ocean. In one instance, computer instruc-
tions originating on one continent actuated automatic
typesetting equipment to produce a newspaper on
another. Satellite relays have carried medical infor-
mation between the continents via closed-circuit tele-
vision, and, as we all know, television broadcast serv-
ice via satellite has become a reality.
This is a beginning, sufficient to demonstrate that
any type of electronic information that can be trans-
mitted from one side of town to the other may soon
be just as easily transmitted to the other side of the
world. This is equally true for a telephone call to
a friend or a computer instruction to a machine tool.
From space technology we may also anticipate a
continuing flow of useful new techniques and devices
applicable to terrestrial communications. Space re-
quirements are encouraging the development of more
effective direct energy conversion methods to power
electrical equipment in satellites and other spacecraft.
As their efficiency is raised and their cost reduced,
these techniques should be useful in generating power
for communications equipment in areas without
central power systems and in portable or remote
installations.
Lasers give promise of enormously high capacity
light-beam communications across the reaches of space.
Similar techniques may eventually prove feasible for
certain types of service on Earth. Advanced imaging
systems developed for satellites and planetary explora-
tion vehicles can be expected to extend our use of
television techniques on Earth for specialized sensing
and communications.
Finally, the entire space program continued to de-
velop a general philosophy and proficiency in systems
engineering that will be applicable on a broad scale
to the advanced systems requirements of communi-
cations technology tomorrow.
The only certainty about this future technology is
that it will transform our methods of living and work-
ing. It is possible to speculate knowingly on the
technical aspects. But it is well to remember at that
same time that what is technically feasible will not
necessarily fit immediately within a reasonable eco-
nomic or social framework. With this caution, let
me sketch briefly some of the possibilities that seem
to be opening on the basis of today's research and
development trends.
Well before the end of this century, we should be
able to introduce wideband high-capacity two-way
communications facilities "piped" directly into the
home. This "microwave pipe" would accommodate
all types of communications service. It would de-
liver television and FM radio programs, and even a
high-speed facsimile newspaper. It would carry tele-
phone conversations in sight and sound. It would
surely include means for opinion taking or voting,
where all may respond or where sampling might be
computer-programmed. It would provide direct ac-
cess from the home to electronic libraries for refer-
ence, and to public utilities, stores, theaters, rental
agencies and other commercial enterprises. It would
furnish channels for all personal business.
For this last purpose, we would have simple
domestic computing equipment to keep track of per-
sonal finances and household logistics. Through the
"microwave pipe" the home computer would com-
municate automatically with computers at the utilities,
banks, insurance companies, and other agencies with
which we have business dealings.
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Such an arrangement implies the existence of a
new type of service organization—a communications
utility analogous to the power, water, and other
utilities of today. This, too, I believe, will evolve
as a new consumer-oriented enterprise in the future.
It would incorporate the principal service features
of our present telephone, telegraph, community an-
tenna, and other direct customer services, as well as
many new ones.
All of our communications beyond the local area,
both business and personal, would be channeled to
a local or regional communications center for pro-
cessing and transmission. This center would be part
of a technically unified world network of cables,
microwave systems, and satellite relays. Each such
center would be able to tansmit all forms of communi-
cations—data, voice, telegraph, television, and fac-
simile. It would have electronic data processing and
computing facilities to analyze and direct the high
volume of diversified traffic, and to keep accounts
and handle the procedures for payment.
Having direct access to a comprehensive worldwide
system, these centers would transmit and receive with-
out discrimination over cable, satellite, overland micro-
wave, and any other available transmission paths in
the system. The paths would be selected automatically
by the computers on the basis of system loading and
relevant technical consideration, just as present auto-
matic switching systems select from among alternate
telephone and radio channels.
Thus, in this unified structure of tomorrow, the
user would not know whether he was communicating
through a satellite or a terrestrial system. It would
make no difference to him in any event, for the
quality of the service would be the same.
A substantial part of the traffic over future Sys-
tems will comprise computer data. This will be
transmitted from one computer to another, or between
computers and control systems, or directly between
computers and individual users. Business enterprises,
for example, would be able to maintain a central
electronic computer facility. This would connect
directly with input and readout equipment at any
domestic and overseas branches, and in the plants and
offices of suppliers and customers throughout the
world. Top management would gain instant access
to information originating in any part of a farHung
enterprise and would possess means for communi-
cating decisions swiftly throughout the organization.
This would result in a degree of precision and control
never before available to managers even in the small-
est enterprise.
By the same token, our governmental and public
services would have access to more complete, ac-
curate, and current information than ever before
as a basis for decision and action. For example, it
should be entirely feasible in this future era to secure
and maintain comprehensive current data on social
and economic conditions, employment, public health,
and other basic statistics that now require weeks and
months to compile and analyze.
I have been referring so far to the broad systems
aspect of communications in the future. Hand-in-
hand with this general development will come the
invention and introduction of many new peripheral
devices to link the user more effectively to the sys-
tem as a whole. Among these, for example, will be
improved character-recognition devices and voice-
operated inputs to accept both written and oral instruc-
tions or messages. New output and display devices
will deliver information in printed, pictorial, or
spoken form, depending upon the nature of the data
and the needs of the user.
It is possible to speculate endlessly and with some
assurance, for technology is now approaching the
capability of providing almost any type of electronic
information-handling process that can be conceived.
However, it would be idle to focus attention upon
the technical potential and to ignore the fact that
the present is beset with hazards and complications
that the future will not necessarily dispel. The only
purpose of speculation in these circumstances should
be to state hopes and to formulate objectives.
Every significant new technological capability im-
poses a new responsibility upon those who exercise it.
In a free society, we must be alert to the danger that
the technical advances which tend to standardize and
centralize information-handling facilities could impel
our society toward greater uniformity and regimenta-
tion unless appropriate safeguards were erected. It
is a subtle point, but there is potential peril to any
free people in a trend which substitutes the anonym-
ity of coded signals for the individuality of words
and names.
Up to now, the history of technological advance
has been remarkably uneven. Today's technology
in this nation and the few other highly industrialized
communities of the world is the product of little more
than a century. The industrial revolution that launched
this small proportion of mankind upon its present
154	 PEACEFUL USES OF SPACE
career of increasing wealth and power has failed
even yet to reach the bulk of humanity.
Therefore, when we speak of global communica-
tions and farflung enterprises, it must be borne in
mind that these are most likely to be created by and
to confer benefits principally upon the small group
of advanced nations. This is a situation that cannot
persist indefinitely. The increased effectiveness of
communications already has sharpened a longing
among the less privileged majority for material ad-
vantages of which they are told, but which they do not
have.
There is no quick or easy way to remedy this
imbalance or even to slow its continued growth. One
thing that may help is the determined use of our
increasingly effective communications as a means for
conveying the knowledge and skills that are so
urgently needed in so much of the world. Among
the new resources that will be at our disposal is a
system of broadcasting directly from satellites to tele-
vision receivers. Such a tool could be a powerful
agent for teaching over large areas. It could also
be an agent for communicating ideas that may help
to transcend the nationalism that is now such a divi-
sive force in the world. It may, however, be for a
wiser generation than ours to develop this capability.
The theme of this conference is the peaceful use
of space and, in this panel, to consider the impact
of space upon our communications. I have discussed
with you the broad context of communications and
some future possibilities that arise as space adds a new
dimension to our means for communicating.
It is clear that we are presented with an immense
opportunity, but one that we must work as never
before to fulfill. Our channels of communication
are multiplying. It is incumbent upon us to use them
not simply to further our material well-being, but
to develop growing knowledge and wisdom among
ourselves and all with whom we communicate.
THE ROLE OF THE SOCIAL PHILOSOPHER
IN THE SPACE AGE
Robert J. Henle, S.J.
Vice President
ST. LOUIS UNIVERSITY
When I agreed to chair this session, I was visited
by a member of the Planning Committee, only a
few days ago, who asked me if, on the conclusion of
the three main papers, I would make a few general
comments on the role of social philosopher. I said,
"Well, surely I'll make a few comments," so he then
said, "In fact, you are really a fourth paper." I am
not really going to give a fourth paper, but I am
going to make those comments.
The three gentlemen you have heard are eminent
in technology, eminent in scientific application. I am
not a scientist; I am not a technologist. My training
was in philosophy, and I suppose, my profession is
education. But I think that the tremendous array of
capability that has just been described to us in so
many different ways, the opening potential of the
future is simply one aspect of a totally new kind of
society.
It is extremely difficult for human beings to put
their own period, their own time, within a genuine
historical perspective. As a matter of fact, it sometimes
seems to me that the period about which people know
least is the period directly before their own maturity,
which means that the period of their own maturity
is one which they understand very poorly. The period
just before our own maturity has not really become
well developed as history so that we can study it,
so we have had no experience of it.
We notice this, for example, in students who have
grown up since the second World War. There is
a blank period in their lives, in their experience, and
in their studies, so that when one tries to talk to them
about what immediately preceded their own coming
of age as freshmen or sophomores in college, we find
we are trying to build on a blank. Well, this
creates a very great difficulty for any human being
trying to see his own society and his own time in a
perspective.
It is extremely dangerous, therefore, for anyone
to attempt to reflect upon this space age and to
try to see it in perspective. Yet, I dare to do this
because, it seems to me, that if you do make a study,
a survey of the development of a civilization, the
individual is important. The Roman citizen or the
Renaissance man was a different kind of man from
the kind of man to be found in a peasant society or
among nomads. A space age man is quite another
type of man.
We will have in our society certainly a highly so-
phisticated cosmopolitan type of human being, and
as all these capabilities we have been talking about
are translated into realities, and the whole world
is brought into this kind of new society, every human
being will be brought to a level of sophistication
which will be beyond any level of sophistication in
the whole past history of man—beyond anything
that has been in the great urban centers. In relation
to the kind of society that is emerging, the great cul-
tural centers of the past will appear to us to have
been parochial and limited. They will almost look
to us as the peasant culture looked to the educated
and cultivated Greek. The peasants were the bar-
barians, and even so the urban cultures of both the
present and the past will, I am sure, look to men of
the future as we move into this tremendously sophis-
ticated era.
We have been talking here about capabilities for
what we have been calling communication. I suppose
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this is a good enough general word, but I would like
very briefly to do a little analysis of just what it is that
these capabilities will be bringing to human beings.
Let us consider the whole range—telephones, com-
puter storage of knowledge, printouts, television across
the world, and so forth. One of the things, clearly,
that is going to come into, is coming into, and will
continue to come into the lives of all our people, is a
new kind of experience; a participation in actual
events which is not exactly the same thing as physical
participation and yet is closer to it than the kind of
participation that an intelligent and imaginative
person gets by reading a good account of something,
by reliving historical events in his own imagination.
Here we are participating, through a new capability,
in actual events as they occur—events of all different
kinds of people, of art, of Congressional proceedings,
and so on—that our children will certainly have
in the tremendous hookups of the future.
It is also a communication, not only with people
presently alive at any given time, but a communication
with the past that will almost approach a living par-
ticipation. What if our students now in college
could go to the library and dial in, and there on the
screen, on the television in front of them, would
appear the figure of Caesar as he stood on the Rubi-
con! And they could hear him talking in Latin to
Labianus, his own lieutenant. What a tremendous
difference this would be from reading the dry accounts
of Caesar's Gallic Wars, or of the Civil War. The
future student will be able to do this; he will be
able to hear past Presidents, to see them. He will see
the momentous happenings in the UN, in Congress.
All of this will be part of his own life experience
so that by the time he is 21 or 25 he will have had
a wealth of actual human experience that no man
now alive has really been able to have.
There is also, of course, the storage of knowledge,
this time not really communication, nor actual experi-
ence, but the storage of abstract knowledge. In a
sense, the thing I have been talking about is an
experience which gives rise to understanding and
knowledge. But when we talk about storing infor-
mation on the computer, we are talking about ab-
stract knowledge. We are talking about building
up for ready reference the discoveries of the last
hundred years, even the last centuries. But remember,
in the last hundred years discovery has moved so
fast that if there were a way of measuring knowledge
we would have to say that the amount of knowledge
that has been added to the store of the human race
in the last 15 years probably is far more than has
been added in all previous history.
This knowledge is, at the present time, almost
beyond our control. It is almost getting away from
us. We are almost losing it. But these capabilities
that are now being revealed are capabilities which
will put at our disposal, in an ordered and significant
way, the vast knowledge and data sources of the
world so that we can select what we need. The things
that a student now goes to the library and spends
hours doing, as a preparation for writing a thesis or
dissertation, the kinds of things that people that
are at work doing surveys have to do by the hours,
this kind of slavish digging-out of knowledge, will
be a thing of the past. We will be able to sit at
our desks and get printouts of the selected knowledge
that we need. We will have a control of knowledge
beyond any control that man has ever had in the past.
Just think for a minute of the kind of knowledge
control found in a tribe that has no writing. The
archives of this tribe are kept in the memory of men.
A few people in the tribe know all the tales, the
songs, the stories, the history, the ethics, the religion
of the tribe. They are the living human storehouse, but
there is a limit to what can be stored in human
memory. So when computers are substituted we put
at our fingertips all this knowledge, a sophistication
of abstract knowledge.
Finally, communication itself in the true sense is
communication between human beings. One of our
panelists spoke of machines talking to machines.
I readily recognize that the transference of language
from human beings to machines, as we now have
them, has a certain validity. There is even a certain
validity in talking about machines which can cal-
culate and think, and machines which can talk to
machines, and machines which can give instructions
to machines or to human beings; yet, there is a tre-
mendous and essential difference that we must never
forget. Communication between human beings is not
merely a kind of a transmission of some kind of
coded order, or even of some kind of abstract infor-
mation. Communication between human beings in-
volves a certain totality. And the deeper, truer, and
more real the communication becomes, the more it
involves. A two-way interaction involves two human
personalities totally. Nor only in a narrow abstract
communication of knowledge or a mere piece of busi-
ness being transacted, the communication of human
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beings that is most important involves the totality
of human beings.
Let us think for a moment of the 85 million
telephones we have just been told about. What kind
of communications goes on over those telephones?
How much of it is just talk and no communication?
How much of it is communication at a very super-
ficial level, a level where there is no real understand-
ing? But if you think of the genuine communication
of human beings, communication in which they are
totally involved, you think of lovers talking to one
another on these phones, of men talking to their
wives, of men talking to their best friends, of men
talking about important personal matters to other
men who are interested. Here you reach communi-
cation which leads to true human social solidarity and
understanding.
The abstract kind of communication alone, I am
convinced, will not bring peace to the world. Nor
will a sort of purely anonymous business transaction
bring peace to the world. If we are pulling humanity
together with these capabilities, the kind of com-
munication that goes on between nations and people
must be an involvement of people themselves wholly
and totally. Otherwise, the capability for communi-
cation might speed up the world's business, but it
will not stir the world's heart, and it will not bring
a peaceful use to the world which is truly a human
use. Consequently, man stands here with capabilities
such as no human being had dreamed of 1000 years
ago, such as no one had foreseen even 200 years
ago—capabilities, but they are in the hands of human
beings and they must serve human purposes. There-
fore, it is essential that we constantly back away from
our technology and realize that this technology is
building a society for human beings, and that, con-
sequently, we must always think that the kind of
people we have in this society is going to determine
the use of this technology. They, in turn, will be
touched and changed by the technology itself. But
we must not allow this to be a perfectly passive
situation. We must react to this situation as human
beings with human values, judge and make decisions,
and manage and manipulate these new ways of com-
munication so that there is not only a peaceful use,
but a peaceful use for the betterment of human values
in the world and the extension of human communi-
cation at the deepest level where man loves man,
where people are interested in each other, in their
basic concerns and their future welfare and happiness.
DISCUSSION
Chairman: Robert J. Henle, S.J.
Joseph V. Charyk
Richard R. Hough
Elmer W. Engstrom
QUESTION: Suppose, if you would, that at 6 o'clock
this morning I turned on the television getting a clear
picture, and the announcer spoke in very clear English
that this was coming from a Russian satellite! Do you
gentlemen consider that possible today and, if so,
when? Also, I would like to ask another question.
Considering that we are talking about putting 45
tons into orbit around the Moon, do you consider a
130-pound communication satellite adequate for to-
day's needs?
HENLE: As to the first question with regard
to automatic and instantaneous translation, I think
in some reasonable form this is something that we
can look forward to in the reasonably near future.
With regard to the sufficiency of 130-pound or 150-
pound or 260-pound satellite, I think Dr. Charyk
should respond.
CHARYK: I think that depends on what the require-
ments are. Actually, our first satellite is only 85
pounds. Now it does have a capability, as I indicated,
for about 240 two-way telephone circuits, has a
capability for two-way black-and-white television, it
has some capability for a combination of television
plus telephone. Now, the matter of getting a greater
capability simply rests on more power or on the ability
to direct the energy towards the spot on the Earth
where it is desired. Both of these things are also
technically within our grasp. So I think that it is
fair to say that, with the existing technology, we can
develop satellites that will easily have the capability
to handle the normal communication needs that we
foresee in the coming year.
QUESTION: I, also, have two questions to ask.
The first one, I think, should be directed to Dr.
Charyk. At the present time, we are in a period
of minimum solar activity following a period at the
end of the last decade when we had, I think, the high-
est solar activity on record and we are coming into
another period at the end of this decade. In your
considerations of the operations of satellites, particu-
larly synchronous ones in the future, have you con-
sidered the effects of the very probable greatly in-
creased solar activity on the hardware, as well as on
the operation of the system? The second question
I guess should be directed to Mr. Hough. Considering
that the dollar—the material value of the dollar—
will stay the same, how much less it is going to cost
us to communicate in the future?
CHARYK: The answer to the first question is really
weight. In other words, this is a matter of protecting
against radiation. We have in our satellite designs
made liberal allowance for protection to handle all
the normal radiation situations that we can anticipate.
As such, we can anticipate lifetimes that are actually
more—that are longer than probably the lifetime of
the individual components themselves because of
failures that they will experience for other reasons.
So, as far as radiation is concerned, that is taken
care of simply by weight. With the kinds of boosters
that we are developing and that presumably will be
reliable in the not-too-distant future, we have a little
concern about being able to provide whatever pro-
tection will be necessary.
HOUGH: There are a lot of ways of trying to meas-
ure how much it costs to communicate. If you just
talk about a voice conversation across the country,
we are getting down to the point now in the cost
where there is not a great deal left to chip away at.
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For example, in the early 1920's, a 3-minute call
coast-to-coast was about $16.50 during the daytime
hours of a business day, and today it is $2.00. After
8:00 p.m., it is $1.00. And I think that these costs will
continue to go down because, as we have heard here,
there is still a lot of exciting things in the future in
communications technology. In the future, we are
going to see much more dramatic reduction in the cost
of communication as we want to transmit much
greater volumes of information; here some of the new
facilities (among them satellites and the wave-guide
system I talked about) are going to make it much
cheaper in the future to transmit things like television
and high-speed data. So, just as in computers, the bits
per dollar have been going down rather dramatically
over the years, I think the same thing is going to be
true in communications as we look ahead. It is going
to be a continuing progressive thing. I do not think
I can tell you how much, but I am sure that costs will
go down.
QUESTION: I would like to ask a somewhat techni-
cal question of Dr. Charyk. I would like to know
specifically what band widths are available in present
satellites such as Early Bird and what band widths
are available in the contemplated satellites that are
being worked on. I would also like to ask whether
these satellites work by having a single band for input
and a single one for output or whether it is some
more complicated system?
CHARYK: The band width is rather limited in the
initial satellites; however, in the designs which we are
developing we are looking to band widths anywhere
from maybe about 60 megacycles to about 150. The
first satellite is really strained to pass a color television
signal, and we have to use a few gimmicks to do it,
actually. Now, this is a matter of development of
certain new techniques which we think can be in-
corporated in our basic system which will not have
the basic kind of limitations that our first satellite
possesses. Now, in the Early Bird, itself, we have
two transponders. In sending television, for example,
both ways, we, of course, send it in one direction
through one and the other direction through the other.
Normally, if we are trying to do TV plus voice, we
will have two-way voice going through one and tele-
vision through the other.
QUESTION: This question is addressed to Dr.
Charyk. What considerations are being given to the
utilization of man in space as maintenance people to
maintain a satellite system?
CHARYK: None very seriously. It is so much
simpler to replace the satellite, so much more eco-
nomical.
QUESTION: I would like to ask Dr. Charyk if he
would comment on possible future foreign satellite
systems and what problems or prospect these might
entail for COMSAT.
CHARYK: Well, I think there is little doubt that
other countries are going to be able to develop a
capability for communications satellites with means
to put them in orbit.
One country, outside of the United States, obviously
has done so. Up to the present time, the group of
countries with whom we are associated are dedicated to
the concept of a single global commercial system,
and, as I indicated in my address, these countries repre-
sent about 85 percent of the total international traffic
generating countries of the world. Therefore, on a
purely economic basis, one could not very well estab-
lish a competing system. On the other hand, I am sure
that economic factors are not going to be very im-
portant in the motivations of other people who may
want to do this.
QUESTION: In the amateur radio field, I wondered
whether the communications satellite planning allows
a band for this kind of activity. The amateur radio
system has provided the industry with a lot of train-
ing and I wondered what the plans for the future in
this area would be. Would you answer that?
CHARYK: We have made no provisions at the
Present time.
QUESTION: My question is for Dr. Engstrom. You
mentioned that there might be a hazard of instrumen-
tation and regimentation of the people, you know,
with the advanced communications. I do not under-
stand a lot of the hazards and advantages of our
space program, but that seems like a real one to me
because, even if it is on a small scale, most high school
students have come in contact with this because our
report cards are made out by IBM machines now. Al-
lowances cannot be made any more, you know on
grades, grade averages, on personal records, or capa-
bilities because to that machine a student is just a
series of punches on an IBM card. You know and I
know that is on a small level, but as Father Henle
said—this age of technology is just starting. It seems
to me that as technology becomes more a part of every-
body's daily life, the impersonality of the machine is
going to become a greater hazard. Do you think, your-
self, that it is a real hazard, and if it is, do you have
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any ways to ensure that the future communications
will be the kind that Father Henle talked about and
not this regimented kind?
ENGSTROM : Well, I applaud your question because
I think it is a profound one. Let me first attempt a bit
of an example, and then let me express the opinion
that you requested. If, at some time in the future,
you and I are going to be known in this world by a
code number, that will not be merely for the purpose
of finding where we are so that we may be reached
because somebody wishes to speak to us, but it will
be a compilation of all information that is of interest
to anyone probably anywhere with respect to our per-
sonal situation, with respect to our business situation,
with respect to whether we have paid our taxes and
how much, and all of this. I think there is a problem
of ethics, primarily, as to how access shall be had to
this information.
Now, I want to first express my belief that this is
coming, that this kind of store of knowledge will be
available, because we will want it that way, because
it will be important to our health and our well-being.
Now, whether this will be turned to evil ends or good
ends depends upon the particular society of which we
are a part. If this kind of a situation had existed
during Hitler's regime in Germany, you might easily
guess as to what capital he would have made of it.
So it is not the system that is moral or immoral, it is
the fact that people may use the system and the
information differently. This will determine whether
the end result will be good or will be bad.
QUESTION: This question is addressed to Dr.
Charyk and Mr. Hough. Mr. Hough mentioned sev-
eral of the problems currently facing the communica-
tions satellite. In view of the missions currently en-
visioned for these satellites, when do you think these
problems will be largely overcome?
CHARYK: Well, a number of problems were men-
tioned. Let us start with the time-delay echo-suppres-
sion problem. I think we both referred to this. I
indicated that one of the main purposes for the Early
Bird satellite was to compile information on the
acceptability of service to such a satellite for com-
mercial purposes. Another restriction is that if many
stations try to operate through the same satellite, the
capability is significantly reduced. Again, in order to
maximize the capability of this particular satellite,
we are operating only one station on each side of the
Atlantic at one time.
In Europe, there are three major stations: one in
Germany, one in France, and one in England. These
have been netted together in such a way that the traffic
to all of the countries can be handled through one
station, and they are planning to operate their stations
on alternate weeks. This is a rather unsatisfactory
solution to the multiple access problem, but it is
adequate for our initial service. We would hope that
the satellite system that will emerge in 1967 on a
global basis will, in large measure, be free from some
of these restraints, and that it will also, of course, be
selected on a basis to ensure that adequate telephone
quality can be made available.
QUESTION: As a comment and a question, I do
hope we used our communication equipment, this
morning, to tape your address, Father Henle, so that
it becomes a part of the official symposium record.
I have a question to Dr. Charyk. What is the role
of the passive communication satellite in space com-
munications in the future?
CHARYK: Frankly, we do not see in the near future
a very promising role. It requires a very large ground
installation to pass a rather small amount of informa-
tion. We think that the progress is likely to go in
the other direction—that is, more power and direc-
tivity in the satellites pushing in the direction of
smaller ground installations while increasing the
quantity of information passed through the system.
QUESTION: Why limit yourself or ourselves to
communication between men on Earth? I think the
thing that will unite men on Earth is when we can
communicate with other intelligences on other planets.
As von Braun has said, everything leaves a trace back
to what you said about Greece and Crete and, I
believe, Julius Caesar and Aristotle or somebody;
everything leaves a trace and I think that you will,
in time, be able to go out into time—if there is such
a thing—and space to retrieve sight and sounds of
all of the thoughts and things that have happened in
times past.
HENLE: I take it this was a short speech.
QUESTION: In light of the several comments that
we have had, I would like to hop back to the first
part of the first question that was asked, which I
understood from my vantage point apparently to be
a little bit different from the question as understood
by Dr. Engstrom. Do the Russians possess the capa-
bility of putting up a satellite in the fairly immediate
future by which, all of a sudden, we, our general
population, that is, could be receiving communications
from them in our own language (not a translation)
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on what seemed like a reasonable, rational, and con-
vincing basis—if you will, propaganda to our people
from them? Do they possess the capability, and what
would be the social implication of this activity?
ENGSTROM: Well, I think the answer to the ques-
tion as you have now put it is that the Russians today
not only have that capability, but they have demon-
strated it because they do have a satellite in operation.
They have used it for speech and for television, and
Dr. Charyk told me just last night that they had made
some point of the fact that they had color television
signals over it. Now, that satellite and our satellites,
as they are constituted for communication purposes,
are not very useful in a direct message to the person
in the home. But, if we look forward to the time
when we can have much more generating power of
electrical energy on board a satellite and can afford to
put into space a unit of substantial weight so that we
can have a transmitter of a power that sends signals
over a broad area of the Earth, this is a perfectly
feasible thing for somebody to do. Then, I think we
must go to Mr. Cleveland to find out whether it is
proper to leave it up there, or whether we take it out
of business, or whether somebody else might take ours
out of business if we take it out. I think it is true
that the use of this new tool and new facility will
require a great deal of discussion, deliberation, and
soul-searching with respect to the international aspects
of what can be done.
HENCE: If I might pick up for a moment to com-
ment on that. It seems to me that your question
emphasizes the responsibility of future education in
this country. The world is so constituted that it is
impossible to keep people in any way from thinking
by closing them out from the rest of the world. Future
men of the world will need to make more and more
personal decisions on all these basic issues. Conse-
quently, they must be educated to the point where they
can make reasonable, personal decisions. While I am
thrilled and excited about the possibilities that are
opening in front of education itself because of all
these new devices, I shudder at the responsibility we
will have to educate the man who will deserve and
will be able to act as a human being in the new society.
The education system will have a tremendous re-
sponsibility for producing the right kind of person.
May I make a further observation on this. I think
this is part of a new environment that is opening up
in the Space Age because, if we look back in history
over many, many centuries, the world, as far as man
is concerned, grew larger and larger through explora-
tion. But, at this midcentury, something happened
which has started to shrink the world, so that it has
become instead of a large area for man to roam a
very small island because nations that are separated
from one side of the world to the other are, in effect,
as near as though they were across the street from us,
and we must learn how to live under these new con-
ditions. We have not had any experience in doing
this.
QUESTION: I thought I was going to be entirely
scooped by the last discussion. The question I have is
this. Suppose that it were possible, economically
as well as technically, to place in the hands of every
human being on this Earth a means of two-way com-
munication. How, first of all, would one accomplish
this on the basis of language? Are we going to teach
everyone English tomorrow, are we going to teach
them Russian tomorrow, or are we going to build a
translator—an electronic translation device of which
most existing ones, I understand, are rather poor
considering this total communication aspect of the
problem that Father Henle mentioned. Are there any
plans afoot for this sort of thing?
Obviously, Mr. Johnson could not get through to
the Russians today through some of the translation
devices. There are many problems in communication,
inflection of voice and so on, which could not be
carried, so that essentially his message would be car-
ried only in part. Are there any plans afoot for
approaching this from any viewpoint at all? I would
like to put this to Dr. Engstrom, I think, and to Father
Henle, if I may.
ENGSTROM: I think this is a question more for a
social scientist and philosopher to answer. May I
make one observation which I think is also a part of
the question that you have raised. I made reference
and others have frequently made reference during the
recent past to the ability to put a satellite over a given
part of the Earth and to broadcast directly to the
people. Now this is all right if this should be done
over the North American continent where the United
States and Canada have a common language, but if
one should be stationed over the center of Africa,
for example, there would be difficulties because of
all of the languages of all the tribes and all of the
variations of each language. So, this is a problem of
massive dimensions, and, having stated the problem,
I now leave it for the philosopher.
HENCE: Well, if we look at what has historically
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happened to human language prior to sophisticated
organizations into nations or empires—which were
bound together by military roads in the case of the
Chinese Empire, and the waterways of China, or by
the Mediterranean and the military roads of the Ro-
man Empire! Human language tended to be highly
differentiated into very, very limited geographical
dialects. This is a problem which still exists in Africa
to which reference has just been made. In large sec-
tions of Africa, every little village, even a subdivision
of a tribe, has a variant on a common background
language, and very often people of the same tribe
can not really understand each other at all.
But, in the past as communication and the necessity
of pulling sections of humanity together develop,
two things emerge. There is the emergence of what
is called a koine—some language that is not native
to most of the people using it, but which through
historical accident or for some other reason, such as
because it is the language of the conquerors or of
culture, becomes the language which everybody uses to
communicate. Or, in some of the more sophisticated
countries that have a school system through which
a standardized language can be taught, there is the
emergence of a standardized form of the dialects of
the country. For example, high German in Germany,
the French of the French Academy, and the English
of London. These become a national language and
gradually tend to close out the older dialects.
I, myself, think that what we will come to first
is several koines in the world. Our languages will
not disappear, but Russian and English, and perhaps
Spanish, will develop as rather common languages.
In most of the countries of Latin America right now,
English is a required second language all the way
through school. They do not have very good teachers
in many places, but they recognize the fact that it
is a second language which is becoming necessary_. So,
I think the world will become a world of people who
do have a speaking and understanding command of
two languages and maybe three. Given a long enough
period, I could see one of these languages becoming
the world language, and other languages, simply
because they cannot compete, dropping out just as
the old dialects dropped out in France and in Ger-
many.
I am not altogether pleased with this, although it
obviously has a tremendous advantage. One of the
great riches of human civilization has been our cul-
tural diversity, and I would regret that we lost these
highly differentiated kinds of individual languages
that have been so fascinating in revealing to us the
development of human beings. But, as far as I can
see now, the survival of these is going to be a matter
for a few antiquarians. So, I think we shall go
through a stage of two or three languages becoming
the common languages of the world and, perhaps,
eventually arriving at a one-language world. Then,
of course, we will have to find a way to translate this
into Martian.
THE CHALLENGE OF SPACE
(Luncheon Meeting
Chairman
Charles Sommer
President
MONSANTO COMPANY
INTRODUCTION
Charles Sommer
I know you all share my pride and my own inner
feeling of excitement and pride of being present
during the St. Louis Bicentennial Space Symposium
and the Fifth National Conference on the Peaceful
Uses of Space. I am certain all participants will leave
this important three-day meeting with a clear concep-
tion of our Nation's readiness for leadership in the
Space Age, and we will all be better prepared for the
tasks ahead. During the Symposium it has been made
apparent that— thanks to the many people at this
luncheon today—the United States is well on its way
toward pre-eminence in every phase of space activity.
I join all the others of our City in saluting you, as the
Nation salutes you, and as the rest of the Free World
surely must salute you.
A glance at the Symposium program indicates the
vast impact this new era will have on all manner of
human affairs. Fortunately, our Nation has the persons
with foresight and resourcefulness to anticipate and
cope with this impact.
We know that the missile space industry although
only in its infancy, is about to pass our automotive
industry as the Nation's largest industrial employer.
And beyond industry, in such fields as medicine, law,
education, and politics, the impact of the Space Age is
bringing change and innovation. Obviously, the prep-
aration for travel to the stars is as much a matter of
attitude and social economic conditioning for a nation
as one of producing the necessary hardware.
Today, it is my great pleasure and honor to present
to you, a man who has contributed mightily to the
proper development of both. He claims, modestly,
that he is in the launch vehicle business.
Dr. von Braun came to the United States in Septem-
ber, 1945, under contract to the U.S. Army. He and
about 80 of his associates and their families received
American citizenship in 1955. At the direction of the
President, the Army Ballistics Missile Agency develop-
ment team which Dr. von Braun headed was trans-
ferred to the National Aeronautics and Space Admin-
istration installation at Huntsville, Alabama. The
group was made responsible for developing and
launching NASA's large space vehicles. At the Hunts-
ville installation, Dr. von Braun directed the develop-
ment of a 200-mile Redstone rocket, which was
America's first large ballistic rocket. Special versions
of the Redstone were used in launching the Free
World's first satellites to the Earth and Sun, Explorer I
and Pioneer IV, and on the first successful space flight
and recovery of animal life . . .
Thanks largely to Dr. von Braun, American rockets
now probe outer space and our Nation's satellites
circle the Earth to provide new and better means
of communications, navigation and weather control,
and manned space flights.
Here to speak to us today is the man who got them
off the ground, Dr. von Braun.
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I am delighted to be again in St. Louis, the Gateway
to the West. Through this area passed countless
pioneers when the West was expanding, drawn by the
opportunity and freedom of the open frontier. The
first locomotive to be operated west of the Mississippi
River made a 5 -mile run from St. Louis in 1852—just
a little more than 100 years ago.
Today we stand in the gateway to another frontier,
the ocean of space, which stretches to infinity. We are
building the transportation systems to explore this
new environment, but our progress thus far could be
compared to that 5 -mile run made by a wood-
burning locomotive on the Pacific Railway of Missouri
in 1852. Its ultimate destination was the Pacific
Ocean, but that primitive engine made many more
runs before it got there. So far our astronauts have
not ventured 200 miles from Earth's surface—but we
shall continue until we have explored the Moon, the
planets, and indeed the solar system. We are building
a space transportation system to be operational, to be
useful, to carry scientific instruments, passengers, and
cargo to and from chosen destinations in space. And
we want the operational system to yield a tangible
return on its investment.
When I arrived in St. Louis today, I was met by my
good friend Jim McDonnell of the McDonnell Air-
craft Corporation. Now he and Walter Burke are real
pioneers in the Space Age. They developed the
Mercury spacecraft that carried America's first astro-
nauts into space aboard Redstone and Atlas rockets.
And they are now producing the Gemini spacecraft.
We wish everyone in this program continued success.
Our science and technology have just barely become
equal to the challenges of space exploration. And
they have become equal only at enormous cost. Like
any individual, partnership, or corporation that intends
to remain in business, we have two approaches to
getting the space program on a sound economic
basis—we can increase its productivity, and we can
lower its cost. We must adopt a more hard-headed
attitude and consider not only whether a space project
is technologically possible, but whether it has promise
of contributing to the economy or the strength of the
country.
As our space technology grows and matures, our
transportation systems will become cheaper, and more
and more opportunities for using them to advantage
will be opened to us.
One of the first returns from our space transporta-
tion system, of course, is knowledge. Knowledge is
power, the ability to do more creative, useful things,
here on Earth, as well as in space. It is impossible to
place a price tag on the value of the new scientific
knowledge and engineering technology advanced
through research and development in the space pro-
gram.
We will soon have operational meteorological, com-
munication, navigation, and geodetic satellite systems.
These systems will give us our first tangible returns
from our space program, the kind of hard cash returns
that make cash registers jingle, the kind of returns
that business leaders and stockholders understand.
We shall soon be able to place into orbit and to send
further out into space much larger payloads, with
greater capabilities.
Ever since the Space Age began, the United States
program has suffered from a booster capability gap.
This handicap will soon be removed. The Saturn IB
will carry payloads of 18 tons, and the Saturn V will
place payloads of 140 tons into Earth orbit. At our
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present level of effort, we should be able by 1969 to
produce and launch up to six Saturn IB and six Sat-
urn V vehicles a year. Even without uprating their
performance beyond the payload figures just quoted,
we will have the capability of orbiting almost 1000
tons of payload annually with these two launch vehi-
cles by the end of this decade.
The ninth Saturn I in a series of 10 research and
development firings was launched from Cape Kennedy
on Tuesday morning of this week, placing the second
Pegasus meteoroid technology satellite into orbit. The
second Pegasus is operating just as well as the first one,
and is sending us valuable data which will be extended
to gage the possibility of an astronaut's getting hit
by a meteoroid in space. We hope that our unbroken
string of successful launches in this program will hold
through the launch of the tenth and last Saturn I later
this year. Naturally, the success of the Saturn I launch
program has been a source of acute embarrassment
to us.
The Saturn IB will be the first man-rated Saturn. It
will place three astronauts into Earth orbit in the
Apollo spacecraft for prolonged periods and for prac-
tice of the rendezvous and docking maneuvers which
will be needed later on the lunar landing mission. The
first flight booster for the Saturn IB was manufactured
at our Michoud Operations in New Orleans by the
Chrysler Corporation. It was shipped to the Marshall
Center where it went through its static firing program
with flying colors, and it has now been returned to
Michoud for checkout before being shipped to the
Cape for launching in early 1966.
The first flight version of the S-IV stage—the
second stage of the Saturn IB is undergoing static
testing by the Douglas Aircraft Corporation at Sacra-
mento, California. The first manned Saturn IB flight
is scheduled for 1967.
Now, let me talk a little bit about the big one—the
Saturn V Moon rocket that will carry our astronauts
to the Moon. The first stage of the Saturn V Moon
rocket is well into its static test program. The first
firing was held at the Marshall Center in April-
3 months ahead of schedule. The Boeing Company is
producing S-IC stages for us at Michoud.
A battleship S-I1 stage—the second stage of the
Saturn V—is being put through its static firing pro-
gram by North American Aviation at Santa Susana,
California. All five engines have been fired success-
fully. The Saturn V sill use an S-IVB stage as its
third stage. This stage is farther ahead of the other
Saturn V stages, as it is also used in the Saturn IB.
The first test flight of the Saturn V is scheduled for
1967. The first manned flight is set for 1968, leading
to the lunar expedition, hopefully by 1969. And
we have a very good chance of doing so.
When the Saturn IB and the Saturn V become
operational, we must make certain that we are not
handicapped by a payload gap—that is, we must have
worthy payloads to match our huge booster capability.
For years we have had to miniaturize our payloads,
trying to squeeze every bit of scientific equipment we
could into the limited lifting capacity of our launch
vehicles. The advances in the art of miniaturization of
equipment have been amazing—without them
NASA's impressive advances in the space sciences and
applications would not have been possible. Minia-
turization buys more than weight and space savings.
It also increases reliability by making room for backup
systems, providing redundancy in case of malfunction
of equipment. But we will not be forced to miniatur-
ize as heavily in the future. We could not miniaturize
the astronauts in our manned space flight program,
anyway, so we might as well get used to using bigger,
sturdier equipment.
The enormous transportation capability being devel-
oped in Project Apollo will enable us to produce and
launch vehicles and spacecraft at a fraction of the
initial development cost, as Dr. George E. Mueller,
Director of NASA's Office of Manned Space Flight,
explained to you in his discussion of the Apollo Ex-
tension Systems.
Our present-day launch vehicles with their rela-
tively small payloads can be compared to the small
puddle-jumping airplanes used in the beginning of
commercial passenger and air freight service. If you
had suddenly given one of these early pilots a Boeing
707, he could not have used it. He did not need it,
for he was practically begging for business, even with
the limited carrier capacity he had.
The air traffic grew with the transportation system.
Our position today in space transportation systems is
similar. The Saturn vehicles will be the heavy duty
carriers of the next two decades. Our space traffic
must grow with them.
NASA has been making studies for some time to
exploit the growing payload capability of our space
launch vehicles to the best advantage. Using the
space transportation system developed in Project
Apollo will enable us to produce and launch vehicles
CHALLENGE OF THE CENTURY
	 167
and spacecraft at a fraction of the initial development
cost. This hardware can carry a variety of payloads,
both manned and unmanned, into Earth orbit, into
lunar orbit, and for investigation of the lunar surface,
as Dr. George Mueller explained to you in his discus-
sion of the Apollo Extension Systems.
We have already come up with thousands of ideas
as to how the Saturn launch vehicles could be used
profitably—but we need more suggestions. The
Saturn V, with a payload capacity of 140 tons, can
place into Earth orbit in one launch the weight of all
the payloads NASA has launched since it was formed
in 1958. This space-hungry and weight-hungry
monster can gobble up experiments in a hurry.
Right now our experimenters are still standing in
line to get their equipment into space. But we shall
need more and more suggestions for useful experi-
ments, and we need them now, for it takes time to
plan, design, and build the necessary equipment.
NASA has held conferences with scientists from all
over the country—not just those already involved in
the space program—asking them to join hands with
us to help unfold the mysteries of the universe. We
ask them to think big—not in terms of a puddle-
jumping airplane available in 1920—but in terms of a
Boeing 707.
We would like to know what the geologist thinks
of using a satellite for locating mineral deposits. How
could the agriculturist use satellites to measure crops,
to estimate crop yields on a wide scale? Would they
be useful to the wildcat oil speculator? Could they
be used for flood control or for better management
of our shrinking water resources?
We want you to start thinking about how you can
use the tools we are developing for space exploration.
You have been coming to these conferences on the
peaceful uses of space for 5 years. You have probably
been sitting here for the past 3 days waiting for some-
one to come up with a bold new idea that would show
a practical application of benefit to you.
When I asked one of the attendees at last year's
conference in Boston to tell me frankly why he was
there, he said: "To tell the truth, I'm really more
interested in the useful pieces of space than the peace-
ful uses."
I hope you soak up enough information about the
current status of NASA's programs and its planning
to give you some food for thought when you get
home. Perhaps a seed for an idea will be planted, and
YOU, yourself, can come up with that bold new idea for
a useful piece of space.
I have been asked to spend a few minutes on what
comes next after the Apollo Extension Systems.
As you know, any forecast of what space explora-
tion will be like more than 5 years from now is not a
forecast—it is a prediction, in the same league as
crystal ball gazing. But since this is an after-luncheon
gathering and not a program planning session, let
us let our imaginations roam.
Space projects of the future will naturally be based
on the extension of today's technology, just as our
achievements today are based on discoveries and
advances reaching far into the past.
One of the key elements in determining the direc-
tion of our progress in space is the availability and
capability of dependable, economical, operational
launch vehicles.
The Saturn launch vehicles will be the backbone
Of Our space program for years to come. Recovery
and reuse of the first stage of the Saturn V is under
consideration for the decade of the seventies. By
improving the Saturn V's propulsion systems, and
possibly developing a new engine for the upper
stages, we can increase its payload capability by more
than 50 percent. In the long run, however, reusable
space vehicles will give us the higher reliability and
improved economy we seek.
As long as we use expandable launch vehicles to
honor round-trip tickets for passenger transport, we
must face a 5-million-dollar fare for Earth-to-orbit
flights and a 50- to 100-million-dollar trip fare for a
lunar round trip in the early to mid- 1970's. This
is obviously a long way from commercial space flight,
even though 2000 new millionaires joined the ranks
of the wealthy last year.
We would like to see Earth-to-orbit trips as con-
venient and cheap as a trip to Europe and a flight to
the Moon no more expensive than a trip around the
world today. To realize this ambition, we would need
to average more than 49 successful flights out of 50
from Earth to orbit and return with a space vehicle
carrying 50 passengers on each flight. And for a lunar
flight, we would have to have approximately 24 out of
25 successful flights with 10 passengers aboard each
time. We cannot expect to open the first commercial
space line to Earth orbit until 1985 or later.
The reusable vehicle seems to be the key to develop-
ment of an economical Earth-to-orbit transportation
system. Passenger conveniences must be improved so
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that scientists, engineers, technicians, military per-
sonnel—and even politicians and journalists—can
make the trip.
One of the methods we have been studying several
years combines the experience gained in the X-15
rocket plane program with present Saturn know-how,
for building a high performance two-stage rocket
"plane"—called the Reusable Orbital Transport. It
appears entirely practical to develop a vehicle that
would not subject passengers to more than 3 g in
ascent or descent.
In the orbital transport under study, the first stage
would fly mission paths similar to the X-15, with the
second stage, carrying passengers and cargo, launched
from a piggy-back position. The second stage would
fly into and out of orbit, gliding to a power-off landing
after reentry in the same manner the X-15 does now
as routine procedure.
It would offer passengers who are in a hurry trans-
portation over global ranges with about 1 -hour flight
time. If we can develop a single or two-stage chemical
rocket aerospace vehicle and learn to fly it over and
over before it is worn out, the high-income traveler
should find the operational cost acceptable. But, of
course, the thing we must have is the demand—the
traffic, cargo, and passengers—to make the system
economical.
After we have tried our wings in the immediate
Earth environment, our next major step in exploring
and utilizing the solar system is the Moon. And after
that, the planets.
The Moon is a big place, and it will probably
require more than a decade of hard work before we
explore its environment in the detail that we would
like. Look at Antarctica, for example. We have
had hundreds of people there at a time for more than
a decade, and the number is still increasing.
During the 1970's we shall have to be satisfied
with a lunar transportation system based on the
Saturn/Apollo spacecraft capabilities. By the 1980's
we can look forward to a reusable Earth-lunar trans-
portation system, which should make transportation
costs 30 times more economical than those of the
Apollo system. The development of nuclear propul-
sion systems is a prerequisite for such an improvement.
Such systems would use a chemical reusable rocket
plane to orbit, a reusable nuclear ferry from Earth
orbit to lunar orbit and back, and a single-stage chemi-
cal lunar shuttle bus to carry cargo and personnel
between lunar orbit and the lunar surface. The nuclear
ferry vehicle would be refueled in Earth orbit and
the lunar shuttle in lunar orbit. We have studied this
system in quite some detail. Costs for a lunar round
trip could be reduced to about 3 million dollars a man,
using a solid core nuclear propulsion device. If and
when we learn to manufacture propellants on the
surface of the Moon, this concept could be further
improved, and one round trip might cost less than
1 million dollars per person—compared with roughly
100 million dollars today. We are basing our expecta-
tions on a solid core nuclear propulsion system based
on the KIWI reactor being developed jointly by the
Atomic Energy Commission and NASA.
We are just now beginning to explore the planets,
having made one probe of Venus, with another on
its way to Mars. Manned exploration of the planets
will have to wait until nuclear propulsion and more
economical large launch vehicles are available. The
first manned flyby missions to Venus or Mars could
be made by the mid-1970's if resources are allotted
for this purpose and all the tricks of the trade are
called upon.
The first landing on Mars or on one of its moons
must wait until the 1980's.
What are the essential requirements of a transporta-
tion system for taking men to Mars? For launches
from the surface of the Earth we would need im-
proved Saturn V's, post-Saturn launch vehicles, or
even better, reusable launch vehicles, coupled with
orbital operations and nuclear propulsion. Life-sup-
port systems, power supplies, navigation and com-
munication, environmental protection, and Earth-land-
ing systems would have to be developed or improved
greatly over requirements for the lunar landing mis-
sion. Before we can go to Mars with a group of
scientists for an extended stay, we would need, more
than anything else, a highly efficient nuclear propul-
sion system for the deep space portion of the
journey. Without a nuclear propulsion system for
a manned expedition to Mars the logistics would be
staggering, and the cost would be prohibitive.
Our trip to the Moon is merely a scouting expedi-
tion, such as an army would send out before advancing
over unfamiliar terrain. It is a demonstration that
the pilots and their machine can make the journey,
like Lindbergh in his Spirit of St. Lords crossing the
Atlantic. After Apollo will come the invasion of the
main body for man's true assault on space. Pilots and
passengers, scientists trained as observers and experi-
menters, will follow in wave after wave to explore
CHALLENGE OF THE CENTURY
	 169
space in a big way. We must set up bases, establish
logistics lines, maintain communications and furnish
reinforcements for continual, frontal assault. The
research and technology required to reach the Moon
will open all kinds of doors to future space operations.
The year 2000 should find mankind well on his way
toward exploitation of the solar system. This is the
challenge of our century. We must not limit our
vision, suppress our curiosity, or dilute our determina-
tion.
Men should be living on the Moon as a matter of
course by the end of this century. In fact, we should
just be paying off the "20-year FHA mortgage" for
construction of our first lunar bases. Scientists, engi-
neers, and technicians will live in several bases
scattered over the Moon's surface, visiting their neigh-
bors by rocket ship. They will have ground vehicles
for shorter trips in the area of the base. These Moon
residents will perform a variety of research, manu-
facturing, and commercial work and will be able to
supply most of their own life-support needs. They
will use their water over and over again, grow much
of their food supply, and provide their own oxygen
with the help of plants.
A radar astronomy observatory on the far side of
the Moon, shielded by the Moon's mass from all radio
interference from Earth, will be studying the Sun and
stars.
Some people still say that man cannot exist on the
Moon—that there is no atmosphere or water, and the
extreme temperature ranges are unbearable. Well,
man has learned to live here on Earth under unbear-
able conditions. He lives under the ocean in a sub-
marine for weeks at a time. He flies across the country
at an altitude where life would be unbearable without
protection—but he rides in comfort in a pressurized
cabin, reading, watching movies, or sipping a martini.
And we do not have to breathe hot desert air—we
have air conditioning. Our astronauts have already
carried their own environment into space. We have
the technology to be self-sustaining in space, inde-
pendent of our natural environment on Earth. There
are three steps in the expansion of culture: explora-
tion, base establishment, and colonization. The last
stage, colonization, is not reached until people become
permanent residents of a new area. They live there
with their families, develop their own economy and
society, and become more than self-sufficient—even
building up a favorable balance of trade with older
established societies.
If we can make our space transportation systems
economical enough, who can say that man will not
colonize other heavenly bodies?
We have seen ancient civilizations rise and fall,
but their cultures have been transmitted to other
people, in later ages and other localities. The ideas of
these ancient people have been transmitted through
two methods—buried under ashes, later uncovered
by archeologists, or from the depths of men's minds.
During the period of the Dark Ages in Europe much
of the noble character of the Roman civilization was
preserved in the minds of monks, and later brought
back into common use to make major contributions
to our civilization today.
Knowing the tenacity of men's minds, I find it easy
to speculate that the human race might some day
spawn another civilization on another heavenly body.
Given enough energy, to use freely for any purpose
we choose, we might be able to transform the environ-
ment of Mars, for instance, to make it more amenable
to earthlings. We might learn enough to change the
surface temperature of the planet, or the make-up
of its atmosphere. It might take decades for man
to learn enough to undertake such a project, and
even centuries to accomplish it. But if he should suc-
ceed, he would truly be walking among the stars.
Let us hope that in thus challenging nature—learn-
ing to walk among the stars—we attain the most
significant goal of all—learning to walk the Earth with
our fellow man—in peace.
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Atomic—or more precisely nuclear—energy will
provide opportunities for more advanced space mis-
sions in future years. As an alternative to chemical
and solar energy, it provides unique features which
will permit the undertaking of missions of greater
complexity and longer duration.
The main thrust of the research and development
program of the Atomic Energy Commission is on
energy—the energy derived from the nucleus, that is,
from nuclear fission, from nuclear fusion, and from
nuclear decay.
The utilization of fission energy is generally accom-
plished through a thermodynamic cycle where heat is
transferred to a working medium, such as water or
a liquid metal, and used to drive a turbine to produce
mechanical energy and if desired electrical energy
through the use of a generator. In some instances,
methods employing direct conversion from heat to
electrical energy have been employed, thereby bypass-
ing the need for rotating machinery.
The utilization of energy resulting from the change
from one isotopic species to another through radio-
active decay follows a similar process wherein heat is
derived from the energy of the decay products, that is,
alpha, beta, and gamma rays.
The Atomic Energy Commission has fostered the
development of civilian nuclear electric power to the
point that nuclear power is being selected for some
new large electric power plants because of its favor-
able economics in competition with other power
sources. An analogy to the development of civilian
nuclear power can be drawn for the utilization of
nuclear energy in space missions. The requirements
of today's fully approved missions for on-board elec-
tric power can generally be satisfied by non-nuclear
energy sources, that is, batteries and solar cells.
Similarly, chemical propulsion systems have been
developed or are under development for the approved
missions and early post-Apollo missions. But as
mission times grow longer, payloads become larger,
and the demands for on-board electric power increase,
nuclear energy sources must be introduced.
Basically, nuclear fuel is compact and long-lived.
The complete fissioning of one gram of uranium-235
releases almost 25 ocio kilowatt-hours or 3 kilowatt-
years of energy. Obviously, I have not taken into
account the efficiency of utilization of the heat or
conversion to electricity; however, it is clear that even
with extremely low efficiencies for the utilization of
the fuel, nuclear fuel is extremely compact.
Similar considerations hold for isotopic fuels
wherein the power density of the isotopic compound
may run over a thousand thermal watts per cubic
centimeter for the shorter half-life alpha emitters to
a few watts per cubic centimeter for the longer lived
alpha and beta emitters. With isotopic power sources,
the initial power level is set by the quantity of material
in the source; the rate of heat release is dependent
upon the specific radioisotope used and the initial
quantity. The rate decreases with time, decreasing to
half of its initial value in a time equal to the half-life
of the decaying isotope.
The compactness of fission and isotopic fuels makes
it possible f^r the overall system to be relatively com-
pact even though much equipment is necessary to
convert fuel heat to electric power or to thrust.
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ON-BOARD ELECTRIC POWER
In a recent report by the National Aeronautics and
Space Administration to the President, ,
 the Future
Programs Task Group identified spacecraft electrical
power sources as one of several areas requiring support
of research and technology today in order that long-
range missions can be undertaken in the foreseeable
future.
The NASA report notes that "possibly the most
clearly defined need for a major advance in technology
is in the area of spacecraft electrical power sources."
Figure 1 taken from the NASA report indicates the
anticipated trend in power level requirements for
various future missions. These start with today's tech-
nology of a few hundred watts and increase to levels
of a hundred kilowatts and more.
Summarizing from the NASA report, it is noted
that the current Mariner spacecraft uses on the order
of a few hundred watts obtained from solar cells.
Planetary exploration spacecraft such as Voyager will
require about 1 kilowatt, and six- to nine-man orbiting
laboratories will require many kilowatts. With the
introduction of more advanced missions, such as
I "Summary Report—Future Programs Task Group," a
report by the National Aeronautics and Space Administration
to the President, published by the House Committee on
Science and Astronautics, April 1965.
extended lunar expeditions, manned Mars fly-by
missions, and large manned space stations, the power
requirements will approach 50-100 kilowatts. Mis-
sions requiring power in excess of 100 kilowatts can
be visualized and, indeed, power consumption by
ion engines, or any other primary propulsion system
that is electrical, would be on the order of several
megawatts.
The NASA report also points out that radioisotope
sources have a great potential range of application
from the point of view of weight, size, and lifetime,
and that many future missions depend upon the
development of isotopic power sources in the 500- to
1500-watt power range. Nuclear reactor power plants
will be needed for missions such as extended lunar
base operations, manned interplanetary flights, and
electric propulsion. In addition to the normal develop-
mental efforts required for any new device, nuclear
systems such as gamma-emitting radioisotopes and
nuclear reactors require shielding, and that shield
weights are a significant problem. Furthermore, the
report notes that when the isotopes plutonium-238
and polonium -210 are used, consideration must be
given to availability since they are reactor products.
In considering the types of missions for• which
nuclear-powered electrical systems are required, we
must examine the criteria by which they will be rated.
FIGURE 1.—Spacecraft power requirements.
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First, we can generally forget about the short-lived
missions. If a power system must operate for only a
few days to a very few weeks, the use of either bat-
teries or fuel cells will probably permit the lightest,
smallest, cheapest power package.
The weight of the system to be launched is of
obvious interest. A reactor has to be of a certain
minimum weight and have a shield to protect the pay-
load or crew from radiation. Where this weight is
acceptable, a considerable amount of additional power
can be produced without greatly increasing the weight
of reactor or shield. Because of the shield weight
solar cells and radioisotopes will be lighter than
reactor systems at the very low power levels, but
because of their ability to produce additional power,
reactors will pull ahead as power levels get higher.
This minimum weight feature of reactors is a vital
factor in planning future power concepts.
The size of the system often determines how
difficult it will be to package in a given launch vehicle
envelope. Solar cell system size is determined by the
area which must face the sun in order to intercept
the solar energy needed. On the other hand, the size
of nuclear systems will depend on the radiator area
required to dispose of the waste cycle heat. Generally
it takes less area to dispose of energy than to intercept
it from the Sun, and nuclear systems therefore will be
smaller in area than solar systems.
Reliability is so important that the weights, sizes,
costs, and other system characteristics should not be
compared without taking differences in reliability
into account. Since by and large nuclear power is a
newcomer, the reliability of specific nuclear systems
remains to be demonstrated.
From these criteria you can begin to see a trend,
illustrated in figure 2, which is similar to the previous
figure contained in the NASA report. However, in
this instance we have been so bold as to add a time
scale along the abscissa and have further delineated
with horizontal lines the power ranges in which the
different types of energy sources may become pre-
dominant. The sloping lines bracket the anticipated
increasing power requirements with time. Solar and
isotopic sources are for missions of longer than a few
days to a few weeks duration. I-or these long-life
missions at very low power, reactors are excluded
because of their high minimum weight. At the highest
power levels solar systems will be too large and the
quantity of isotopes required would make their use
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FIGURE 2. Power levels and power concepts.
infeasible. In the middle there is a region in which
solar, isotope, and reactor systems will compete.
Both isotopic and reactor power units have been
launched and operated in space. SNAP-3 and
SNAP-9A, 3 and 25-watt plutonium-238 fueled iso-
topic units, respectively, are Defense Department
satellites, the first SNAP-3 being launched in 1961.
The launch by the Air Force on April 3, 1965 and the
orbital startup of the 500-watt SNAP-10A marked
the world's first operation of a nuclear power reactor
in space.
Figure 3 is an illustration of the SNAP-10A atop
the Agena upper stage. A cutaway drawing and the
flow diagram of the power unit is shown in figure 4.
The SNAP-10A unit was designed and built by
Atomics International and integrated into the Agena
rocket by the Lockheed Missiles and Space Company.
Liquid sodium-potassium metal alloy is heated to about
1000° F as it flows through the reactor core. The
thermoelectric pump mounted above the reactor uses
a small part of the heat contained in the fluid to cause
the liquid to flow, using no moving parts. The heat
from the liquid metal is radiated to space through
thermoelectric converters. Thus, after the shutoff of
the controller, a few days after launch, the entire
plant operates with no moving parts except the
smoothly flowing heat transfer fluid.
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FIGURE 3.-SNAP-10A in orbit.
On May 16, after 43 days of successful operation,
the unit failed to report; later, diagnostic systems
aboard the unit indicated the reactor had shut down.
Analysis of the data and laboratory tests have shown
that the shutdown was probably caused by a sequential
failure of electrical components initiated by a voltage
regulation failure.
In addition to the many confirmations of assump-
tions and design methods, SNAPSHOT (the orbital
test of SNAP-10A) has given us valuable information
which will be used in future designs. For example,
the ground handling and launch support activities for
SNAPSHOT imposed no new or unique equipment or
procedural requirements. The SNAP-10A system with
its reactor fueled and with its liquid metal system filled
was shipped from Santa Susana to Vandenberg Air
Force Base by commercial carrier. The planned reac-
tor safety measures imposed no constraint on personnel
access to the launch vehicle. In all respects, the SNAP-
SHOT launch proceeded in a routine manner. The re-
actor behavior during the 43 days of power operation
in orbit coincided with the ground test experience.
During system operation the convertct isolation re-
sistance decreased with a resulting power loss of
7 watts. The behavior was similar to ground test
experience and apparently attributable to pyrolytic
decomposition of system organic outgassing products
on the hot insulator surfaces of the converter. Pre-
liminary information indicates that the estimates of the
effective heat sink temperature of space were more
conservative than necessary.
The SNAPSHOT inflight measurement of greatest
technical value was the verification of the effectiveness
of the radiation shield. This quantity is indeterminate
by a factor of 10 to 100 in any ground test environ-
ment. The containment and shield walls of a ground
test environment scatter an appreciable dose around
the shadow shield and into the payload region. The
space results reveal that shield performance on the
average was essentially as predicted.
Finally, the first generation SNAP-10A system
demonstrated 600 watts initially, no control after
startup, and 535 watts at the end of 43 days. Overall,
the SNAP-10A flight test proves one vital thing: it
is possible, and practical, to build a space reactor power
plant, to put it through a usual rocket launch sequence,
to start it, and to have it operate in orbit.
DEVELOPMENT OF ISOTOPIC
UNITS
Comparing isotopic space power systems with the
familiar solar cell systems for low-powered, long-lived
applications, the advantages of isotopic systems over
the solar powered units are:
a. less battery storage needed because electrical
generation is stable and independent of Sun and
shadow conditions
b. smaller in size and less sensitive to space vehicle
configuration constraints because of higher power
per unit area and no dependence on solar flux or
orientation (as the power level increases, the orien-
tation devices for solar power systems become the
limiting factor in their reliability while the isotope
units are completely static)
c. less sensitive to the severe temperature and
radiation environments of space
d. provision of a completely reliable and predict-
able source of heat for thermal control, or other
uses, in the space vehicle
For certain interplanetary probe missions such as
the Voyager mission, advanced Pioneer solar probes
and lunar surface explorations, isotopic power systems
appear to be far superior to other types of power sys-
tems. The inherent long-lived, reliable operation of
radioisotope thermoelectric generators offer significant
advantages for systems using continuously operating
Earth orbital satellites, for example, communication,
navigation and meteorological satellites. In these
cases, the development costs associated with integrat-
ing the nuclear unit into the satellite can be written
off over a number of missions, and the longer operat-
ing lifetime makes it possible to avoid the logistics
FLOW	 13.0 GPM
ILP	 1.0 psi
THERMAL POWER-	 600 watts
AVG. RADIATOR TEMP.- 	 5801F
POWER CONVERSION SYSTEM
REACTOR	 ELECTRICAL POWER	 550 watts
R 39.9 Kw	 AVG. HOT JUNCTION TEMP.	 955 OF
1250F	 AVG. RADIATOR TEMP.	 550 OF
EFFICIENCY, CONVERSION 	 1.83%
VOLTAGE	 29.8
892°F
U-
SPACE EXPLORATION AND ITS ATOMIC ENERGY IMPLICATIONS 	 177
THERMOELECTRIC
PUMP
T/E CONVERTER RADIATORS
EXPANSION COMPENSATOR -
SUPPORT  LEG	 7,"x5--<
+z
REACTOR
SHIELD
-'—STRUCTURE & RING STIFFENERS
LOWER NaK MANIFOLD
INSTRUMENTATION COMPARTMENT
-z
1015°F
	 PUMP	 1015°F
+y.
FIGURE 4.—SNAP-10A system and typical cycle conditions during actual operation in orbit.
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FIGURE 5.—SNAP-9A in orbit.
costs of additional launches needed for shorter-lived
satellites.
The SNAP-9A (fig. 5) is a 25-watt, plutoniwn-238
fueled generator developed to provide the electric
power for a DOD navigational satellite. In September
and December 1963, successful launches were com-
pleted. These operational power systems are still per-
forming as expected. In April 1964, a third launch
with a SNAP-9A unit aboard failed to achieve orbit
because of a launch error and burned up in the
atmosphere on reentry. Debris collection at very
FIGURE 6.—Nimbus-B in orbit.
high altitudes confirmed the prediction of this mode
of destruction of the source and the fact that radiation
levels will not be a hazard to the public.
Several satellite programs are considering the use
of isotopic power units for future space applications.
The SNAP-19 generator is designed to produce
30 watts for at least 5 years. The unit is 22 inches
across the fins and 10 inches high. It weighs 30
pounds. It will be fueled with the alpha emitter
plutonium-238 isotope which has a half-life of about
90 years. Two SNAP-19 generators will be mounted
in tandem to deliver at least 50 watts to Nimbus-B
(figure 6) a developmental, meteorological satellite.
The SNAP-25 program is aimed at producing a
75-watt plutonium-fueled system that will weigh about
37.5 pounds. This would be a 2-watt-per-pound sys-
tem much superior to the 1-watt-per-pound SNAP-19.
Approximately 2 years will be required to develop the
technology to the point of flight-qualified, ground-
tested prototype generator system hardware. This sys-
tem will be used to power the experiments in the
Apollo Lunar Surface Experiment Package (ALSEP)
that will be placed on the surface of the moon by the
Apollo astronauts.
We recently initiated work on a 50-watt plutonium-
238 SNAP-27 generator for Surveyor power needs
in the Lunar Surface Advanced Application Program.
The AEC has also initiated the design of isotopic
power sources for the low kilowatt range. These
sources would be used as subsystems for space electric
power supplies for various manned and unmanned
missions requiring 1-10 kilowatts. For example, a
conceptual design of a 500-watt modular thermo-
electric unit having a lifetime of 120 days and using
polonium-210 was predicted to be very competitive
on a weight basis with fuel cells for manned missions.
Because of higher thermodynamic conversion, isotope-
heated Rankine and Brayton cycle units are under
investigation for use in the 1-10 kilowatt power range.
DEVELOPMENT OF SNAP
REACTORS
The SNAP-10A described earlier is one of a family
of systems under development which share a common
reactor technology. This family using the zirconium-
uranium-hydride technology is the principal effort in
the SNAP reactor program for space power up to
about 100 kilowatts.
SNAP-8 is one of the same family but operates at
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FIGURE 7.—Photograph of SNAP-8 reactor.
a higher temperature, 1300° F. A SNAP-8 reactor
(figure 7) has just completed over a year of power
operation in which it demonstrated a 1300° F capabil-
ity. The NASA SNAP-8 mercury Rankine cycle power
conversion system, which was being developed con-
currently with the SNAP-8 reactor, has been ordered
into a termination phase by the President's FY 1966
budget. , This was to be a rugged, reliable, "state-of-
the-art" system applying conventional conversion ma-
chinery technology. The system was designed for 35
electrical kilowatts output with growth potential to
approximately 100 electrical kilowatts.
Still within the temperature range of this reactor
family, in order to increase the electric power output,
a more advanced turbine-generator using mercury
vapor also is being developed. The unit is called a
combined rotating unit because the turbine, generator,
and mercury pump are all mounted on the same rotat-
ing shaft. Several successful 90-day tests with a 3.5
kilowatt unit have been completed. There are under
development thermoelectric modules which, with the
SNAP-8 reactor, will be able to produce about 20 elec-
trical kilowatts, and perhaps more if we are able to
achieve a possible increase in system efficiency.
I Subsequently, the President's FY 1967 budget requested
funds for continuation of the SNAP-8 power conversion
system development.
Even more advanced technology is required for the
large power systems needed for future missions,
especially those which will use electric propulsion. For
example, the SNAP-50 concept is a high temperature
turboelectric system using liquid lithium to cool a
reactor made of refractory metal and potassium vapor
to drive the turbine generator .2 With a reactor outlet
the temperature would be around 2000° F; and at the
1000-kilowatt power level, the SNAP plant would
weigh only about 20-30 pounds per electrical kilo-
watt, as compared to about 200-500 pounds per
electrical kilowatt obtainable from the 1300° F reac-
tor systems and the isotope systems mentioned earlier.
Several technological developments, all of which are
ultimately dependent on high tem perature operation
with refractory metals, are under study for systems to
produce more than 100 kWe.
Figure 8 is our basic planning chart showing where
each of these AEC programs fits in the overall pic-
ture. Note the position of the orbiting units SNAP-3,
SNAP-9A and SNAP-10A. The diagonal band repre-
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FIGURE 8.—Requirements schedule and AEC program.
In July 1965, the SNAP-50 Program was redirected from
the 300 KWe system development at Pratt & Whitney to
a broader based technology program at Lawrence Radiation
Laboratory.
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sents the estimated required power levels for the
years shown on the horizontal axis. The dashed lines
represent the power level or range of power available
from each of the concepts discussed. Note that the
next generation of isotope and reactor systems will be
available to meet the requirements of the late sixties
and early seventies. Then, in the late seventies and
early eighties, when the big power needs first occur,
one or more systems presently under development as
an advanced concept will be available. By following
such a program we expect to be able to meet the
requirements of the future.
NUCLEAR PROPULSION
The past year has seen dramatic progress in the
development of nuclear rocket propulsion and, as a
result, marks a milestone in the history of propulsion
capability. The series of successful tests of this past
year was the surface manifestation of work initiated
at the AEC's Los Alamos Scientific Laboratory late in
the 1950's.
In the nuclear rocket program, known as the
ROVER program, the AEC, working jointly with
the NASA, is providing the technology for the sys-
tems that will be required as our efforts in space
proceed beyond the Apollo manned lunar landing
program. The distinguishing feature of a nuclear
rocket is that the energy of the nucleus is used to
heat directly a propellant which is then expanded
through a nozzle to produce thrust.
A schematic sketch of a nuclear rocket engine which
employs a nuclear reactor is shown in figure 9;
the major components being the nuclear reactor, the
liquid hydrogen turbopump, and the jet nozzle.
Liquid hydrogen is stored in a propellant tank, not
FIGURE 9. Nuclear rocket engine.
shown, and pumped through the reactor system where
the enormous energy of the nuclear chain reaction
is used to heat the hydrogen to very high temperatures.
In using hydrogen as the propellant, we are using
the lightest molecular weight material and, therefore,
the most efficient propellant for a rocket propulsion
system. It gives a specific impulse, which is the mea-
sure of efficiency of propellant usage, at least twice
as great as that of chemical rocket engines. Since
propellant weight is the largest fraction of a rocket
vehicle's gross weight, the propellant weight savings
enables much larger payloads or, alternatively, smaller
vehicles to provide a given payload.
To provide the technology necessary to develop
these nuclear rocket systems, we are working in a
variety of fields. The major portion of the effort
has been and continues to be in graphite reactor
systems. During the past year four such reactors
have been tested successfully. In these tests there
was demonstrated a specific impulse of more than
760 pounds of thrust per pound per second of pro-
pellant flow (as compared with 300 to 450 for the
most advanced chemical combustion rockets) at a
thrust equivalent of approximately 55 000 pounds.
Also, it was demonstrated that the reactor could be
restarted and recycled to full power. Most recently
a single reactor ran for 7 minutes, was shut down
automatically by a spurious signal, and 4 weeks later
was restarted and ran for an additional 18 minutes.
The length of the second run was limited by the
hydrogen supply. Full-power operation occurred for
16 minutes out of the total 25 minutes of operating
time. This is a long time in any high-thrust rocket
test, particularly at such an early stage of development.
Two of these four reactors were designed and
tested by Los Alamos which is providing the basic
graphite reactor technology for the program. The
other two reactors were designed and tested by the
industrial contractor team of Aerojet and Westing-
house as a part of the NERVA nuclear rocket engine
program. The work of the NERVA team is to use
the basic Los Alamos reactor technology to design
and perform the engineering development of the
reactor, the development of the non-reactor compo-
nents that go into the engine, and the integration of
these components with the reactor into a complete
engine system.
A number of difficult technical issues had to be
overcome to reach the present stage of development.
It was clearly necessary to develop a satisfactory
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nuclear fuel element. This development involved
gaining a profound understanding of the fuel ele-
ment material, a combination of uranium and graphite,
and of methods of fabrication. The methodology of
control of the nuclear reactor, particularly under
transient conditions, extended the state-of-the-art of
reactor control systems. The design of the reactor to
heat gas to very high temperature in an extremely
compact size involved complex materials, structural,
and nuclear interactions.
Taken together, the tests of the past year show
that these problems and others have been solved and
that graphite reactor engines can provide the high
performance which such systems have promised.
Nevertheless, much more work is needed to bring
them to the point of operational capability.
Future work is aimed at extending the operating
life of the reactor (missions using nuclear rockets
will require their operation for up to approximately
30 minutes), pushing for even higher performance
from 50 000- to 250 000-pound thrust) in terms of
higher power and higher temperature, and operating
the reactor together with the nonreactor parts of
the engine to gain an understanding of the interac-
tions and interrelationships of the entire system work-
ing together. The present program is a ground-based
technology effort. Therefore, ultimately it will be
necessary also to proceed into full-flight rated system
development. Such systems can be available for ac-
tual operational use by the mid-1970's.
In addition to this graphite reactor engine activity,
the nuclear rocket program encompasses somewhat
longer term efforts. One of these embodies a refrac-
tory metal reactor. This work is concentrated on
tungsten reactors and is being conducted at the
Argonne National Laboratory of the AEC and the
Lewis Research Center of NASA with work on a
fast reactor and a water-moderated, thermal reactor,
respectively. There are related efforts on a fast reactor
supported by the AEC at the General Electric Com-
pany. Basic work on tungsten systems is proceeding
in order to determine their feasibility and to deter-
mine whether they have any significant performance
advantages over graphite reactors. Since performance
in the last analysis is limited by the reactor fuel ele-
ment, the primary work on tungsten reactors is on
the fuel materials and fuel element structure. At
this time, we do not see any reason to expect a higher
specific impulse from tungsten reactors than should
be achievable with graphite reactors; the principal
gain from tungsten reactors is longer operating dura-
tion and, for low-thrust systems, lighter weight. These
characteristics may be important in certain specialized
missions.
Both the graphite and tungsten reactor activities
are based on so-called solid core reactors. This means
that the nuclear fuel is retained in solid bodies. The
temperature which can be achieved is therefore limited
to temperatures at which the solid material retains
its structural integrity.
Because of this limitation in solid core reactors,
it is to be expected that systems in which the nuclear
fuel is used in liquid or gaseous form, thus bypassing
this limitation, would be of interest.
Another propulsion concept which has been ex-
amined is the nuclear pulse, such as the so-called
Orion, (fig. 1 I ) . In this concept, small nuclear
explosive devices are repetitively ejected from the
spacecraft and detonated, providing pressure pulses
which operate against the spacecraft through a shock
absorber system; these pulses propel the spacecraft.
Here again the practical problems of development are
great.
Theoretically, the advanced concepts—the liquid
and gaseous reactors and pulse systems—have spe-
cific impulse potential in the range of 1200 to 4000
seconds. The potential for operational maneuver in
space for such systems is large and makes such sys-
tems interesting. However, their possible time of
availability cannot be predicted without significant
technological development.
Thus far in the discussion of nuclear rockets, we
have touched Upon systems using the energy of the
FIGURE 10.-0rton in spaCe.
TYPICAL STAGE
ov/1^' ,
THRUSTER
FIGURE 11.--Radioisotope thruster.
A second stage would be started to put the spacecraft
into an orbit around Mars. Men would land, stay
30 or 40 days—whatever is required, although that
time is limited by the movement of Earth and Mars—
in order to assure a proper trajectory on the return
FIGURE 12.—Mars landing mission.
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fission process. These systems provide high specific
impulse in high thrust systems. Another type of
nuclear rocket employs the energy from radioisotopes
to heat the propellant. (Such a system is the Poodle,
obviously a small Rover.) It offers the possibility of
a specific impulse of 750-800 seconds, but in the
very low power and, therefore, low thrust range.
Work on this system is at an early stage. Figure 11
shows a radioisotopic thruster unit capable of pro-
ducing a pound of thrust along with a possible appli-
cation of four such thrusters for altitude control or
station keeping.
Characteristics of the Poodle are:
a direct-cycle, low-thrust radioisotope-heated rocket
engine using liquid hydrogen for the expelled
mass about 750-second specific impulse thrust levels
of a pound per thruster minimum thermal require-
ments of 1600° C (satisfied by current technology)
polonium-210 fuel
low radiation field
high-temperature compound
high power density
moderate cost
high potential availability
Such systems are attractive for many missions:
Earth orbit transfers
solar and planetary probes
satellite antidrag maneuvering
attitude control
may use boiled-off fuel
The applications are, of course, quite different from
those of the Rover or Orion systems.
Referring again to the NASA report, the Future
Programs Task Group notes that the two most
promising applications for nuclear rocket propulsion
are for manned planetary exploration and direct
flights of manned spacecraft to the Moon.
Figure 12 schematically shows a Mars mission start-
ing from Earth orbit, proceeding to a Mars orbit,
a Mars landing mode, a return to Mars orbit, and
finally a return to Earth. The total mission requires
approximately 400 days. In this kind of mission, a
large vehicle would be assembled in Earth orbit, and
that vehicle would then be propelled by a cluster of
nuclear rocket engines out on a trajectory toward
Mars.
The first stage of the clustered engines would shut
down and the vehicle would then coast toward Mars.
SATURNY/ NUCLEAR
MARS INJECTION
SYSTEM
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to Earth. The men would then return to the orbit-
ing spacecraft.
A third stage, also nuclear propelled, would return
the men to Earth. In this case, therefore, we have
three stages, each one nuclear propelled. There is a
strong probability that the engines in all three stages
could be the same, so that there would be a greatly
simplified development program.
Figure 13 illustrates how with standardization on
a single propulsion module it may be possible to
cluster units using, for example, a cluster of three
for departure from Earth orbit, a single unit for
establishing Mars orbit, and a single unit for Mars
departure. Its use as an upper stage in Saturn V is
also illustrated.
The weight saving by the the use of nuclear rocket
propulsion for a Mars mission is extremely important
when one analyzes the requirements with respect to
the time of mission launch. Opportunities to launch
occur only at about 2-year intervals and the best launch
opportunity occurs approximately every 17 years.
The curves in figure 14 reflect the estimated typical
weights required in Earth orbit at the time of launch
opportunity over the next 25 years. There are two
pairs of curves, one for aerodynamic braking during
Earth return, the other for propulsive braking during
Earth return. The advantage of the nuclear systems
is quite apparent. It is conceivable that the Mars
mission could be accomplished through nuclear pro-
pulsion at every opportunity with adequate flexibility
to allow for program changes with time.
Similar arguments can be advanced for the utiliza-
tion of the nuclear powered upper stage on the Saturn
V vehicle to provide a capability for direct landing
on the Moon. The added payload would be directly
available for carrying life support systems, elec-
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FIGURE 13.—Nuclear propulsion module applications.
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trically-powered equipment and supplies which would
considerably enhance the opportunity for lunar
exploration.
CONCLUSION
The Nation is working diligently to accomplish the
presently approved space missions which include
the manned lunar landing and extensive utilization
of instrumented satellites in Earth orbit and in outer
space. The NASA report of its Future Programs
Task Group has examined the opportunities available
through the exploitation of nuclear propulsion and
nuclear electric power. The AEC program is making
significant progress toward providing the technology
and the systems to fulfill these opportunities as they
develop over the next two decades.
By letter of April 17, 1965, to Chairman Seaborg,
the President congratulated the Atomic Energy Com-
mission for its accomplishments and conveyed some
of his views in relation to the program. He said,
"In the field of space, we should continue the develop-
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FIGURE 14.—Earth-orbit weights for manned Mars missions.
ment of isotopic and reactor SNAP devices to enable
us to take advantage of their unique application to
the generation of electric power for our spacecraft.
The recent successes of the nuclear rocket reactor
tests indicate that nuclear rockets can be ready for
the long-range space missions of the future."
A vigorous and advancing program of space explo-
ration and scientific investigation needs nuclear power
to extend its mission capabilities. The objectives are
attainable.
OPPORTUNITIES IN SPACE EXPLORATION IN THE
FUTURE -AN IMAGINATIVE PROJECTION
L. Eugene Root
President
LOCKHEED MISSILES &
SPACE COMPANY
As we enter this last session on the peaceful uses
of space, it must be evident to us all that the potential
impact of the Space Age on our lives and our civili-
zation is so great that, however imaginative we may
be, we may still underestimate what is to come.
As Dr. Bisplinghoff suggested in a speech a few
weeks ago, imaginative children and science fiction
writers may be better predictors of what will hapen
in space 30 to 35 years from now than the engineers
and scientists deeply involved with the current space
program. Nevertheless, it is a prerequisite that ad-
vance planners face such a challenge, and the recent
summary report of the NASA Future Programs Task
Group is indeed an effective plan for the necessary
developmental activities of the next two decades.
It is the purpose of this paper to reach even further
into the future, to examine the situation which might
prevail by the end of this century, and to test the direc-
tion of the current plans.
Our starting point is the space developments of
today which are generally categorized into manned
and unmanned operations and into the vicinities of
operations—near Earth, lunar, and deep space (in-
cluding reaching toward the Sun as well as toward
the outer planets as a part of deep space) . The cur-
rent space program of our Government represents
a reasonable attack on the exploration of the physical
environments in these regions, and on sustaining man
in these environments.
Let us make the basic assumption that all-out war
will not occur during the period we are exploring,
because the impact of such an event can only be
to void any and all forecasts. Let us recognize that
the possibility of a major physical discovery, such
as an anti-gravity device, could be equally disturbing
to forecasts. We can now consider the future of the
space program in a very broad sense.
The direction of our lunar program seems clear
enough. After Surveyor and Lunar Orbiter missions
and the subsequent Apollo landings, the post-Apollo
activity is reasonably obvious—an era of lunar explora-
tion, evolving by the end of the century into a
limited colonization of the Moon. Planning and
developments toward this goal are already under
study. NASA has and is continuing to carry out a
series of studies of post-Apollo activity on the Moon,
pointing toward the developments necessary to permit
unlimited residence on the lunar surface.
Similarly, the future of the deep space program—
beyond the Moon to the planets—is equally clear.
The current unmanned planetary program, as exem-
plified by the Mariners and the new Voyager pro-
gram, will bring information on the potential of life
on the other planets. Our unmanned vehicles will
make deeper penetrations—to Mercury, Jupiter, and
Saturn and eventually to Uranus, Neptune, and Pluto
with both orbiting and lander exploration systems.
We will go closer and closer to the Sun and we will
look back at our solar system from deeper and deeper
vantage points.
If we overcome the limits of our current technol-
ogy which now confines us to "nuclear space engines"
which operate only on the ground, and courageously
proceed with the advanced developments necessary
to having space-proven nuclear boosters, it is reason-
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able to assume that we will carry out manned explora-
tions of Mars and possibly of Venus.
For near Earth-orbiting vehicles, the early tech-
nology developed in the Discoverer satellite series
has led to unmanned utility vehicles such as Telstar,
Tiros, and Early Bird which have become household
words. The natural developments over the next 30
years can be expected to become more and more a
part of our daily lives. Advances in communications
satellites will provide the path for global video-tele-
phone, with perhaps instantaneous translation into
the local language; meteorological satellites will give
complete short- and long-range weather predictions,
and become the catalyst to the true beginnings of
weather control; navigational satellites will replace
the traffic lights on the street corner for the air,
ship, and space traveler; and the scientific satellites
will become ever more comprehensive. We can expect
these utility vehicles, which will influence people
throughout the world, to include major contributions
from the global science community, through the inter-
national cooperation in space fostered by NASA and
by such organizations as ESRO, the European Space
Research Organization.
In one region of space, however—the near-Earth
manned satellite—the picture by the end of the cen-
tury is not so clear. For the immediate future we are
preoccupied with manned stations in terms of rela-
tively limited-population satellites, a couple dozen
people at the most, which necessarily represent our
first steps in this direction. With your indulgence, I
would like to exercise the prerogative of a planner
and attempt to paint a picture of a truly large space
station as we might find it at the turn of the century,
based on potential space building blocks resulting
from our National space effort.
To prepare you for what I am about to discuss,
it would be a real advantage if I were a pilot and
could request you to fasten your seat belts—not only
to take care of the rapid mental acceleration you are
about to experience, but to make sure you do not
leave before I am through. Let us project to the
year 2000 and visit our U.S. space station orbiting a
few hundred miles out. We see a virtual small town,
built up principally over the last two decades, as a
series of modular additions through agreement and
participation of the complete scientific, technological
and governmental community. Its basic start was
the orbital launch facility built to send the first
U.S. manned expedition to Mars in the 1980's. Its
mushrooming during the 1990's is, in a small way,
comparable to the housing explosions of the last half
of the century. This space town owes much to that
first von Braun expedition to Mars and its predecessor
programs—development of all the basic technologies
of space assembly, space resupply and rescue, essen-
tially continuous closed-cycle life support systems,
large satellite orbit station-keeping, large space-power
systems and extremely lightweight space vehicle
structures.
Its complexion has changed drastically in the last
5 years, triggered by the opening of the Space Hotel
—a full year before the Soviet Union opened their
exclusive Praesidium resort in space. The presence
of the rapid-turnover year-round tourist population
has resulted in a significant increase in service type
organizations and major increases in the transportation
and warehousing operations. The city has an average
population of over 4000 people, although even the
permanent residents are assumed to return to earth
every 6 months. The stay time of the residents ranges
from a minimum of 3 weeks for resort guests to 6
months for technicians, workers, and staff support
personnel.
The biggest single group is the government-operated
Goddard Research Laboratory. This is not really un-
expected since space scientists were among the first
residents of the community and their laboratories
have been growing in size for over 25 years. Never-
theless they are indeed a select group, representing
less than 1, percent of the current U.S. Government
research staff. It is interesting that this is about the
same ratio of Government research personnel we
had operating in Antarctica when that region was
in a somewhat similar stage of development in the
late 1960's. The laboratory complex includes a
master central computer facility and a master library
file which makes literally millions of documents avail-
able to any of the research personnel through the rapid
recall and printout system.
Over the past 10 years the Government research
community has been joined by the smaller but gradu-
ally increasing number of industry research teams.
These groups, financially supported by their own
firms, have been carrying on product-oriented develop-
ment work, most of which has been initiated as a
direct result of Government research. Some of the
early industry research has already spawned a small
but growing industry, oriented principally around
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products whose processing involves the very high
vacuum and extremely low temperatures of space.
A small established university research staff divide
their time between their own research and the teaching
of the special Graduate Student Laboratory Program
in Space Sciences. Sixty graduate students are selected
each quarter for the Government fellowships which
fund their participation in this program. Their pro-
gram includes experiments in astronomy, meteorology,
Optics, communications, radiation, fluid mechanics,
cryogenics and heat transfer, biotechnology, and
high-vacuum technology. The experiments have been
limited to those which can be conducted only in space,
but even so there has had to be a selection of the most
important phenomena to be illustrated, since the time
is too short to cover all the textbook space experiments.
In addition to the laboratory program each student
participates in one of the professorial research pro-
grams as a research assistant. It should be obvious
that these 240 fellowships are highly prized and
these students represent the outstanding U.S. space
scientists of the future. It is interesting that many
of the Government research staff have begun to aug-
ment their normal work activity by participating in
this graduate program, some as teachers and many as
graduate students.
The next largest group in the space city is made
up of the guests and staff of the resort hotel. This
is, of course, one of the most exclusive hotels in the
world, travel costs being what they are; but we
have high hopes of bringing the cost down over
the next few years and are already planning major
expansions for the hotel facilities. At the present
time, however, it can only accommodate about 7000
people per year, or only 5 out of every 1 000 000 of
the population from which it draws its trade. It
has to turn down 3 out of every 4 reservation requests
it receives. Its crowning glory is the world-famous
Starlight Room which provides gourmet dinners
served under a naked view of the heavens. Its other
features include swimming pools, ice skating rinks,
bowling alleys, a theater, a sun room, a low-gravity
room and a zero-g room, and the tourist observation
room which provides telescope views of Earth. It
includes a library containing all of the current popular
volumes on electronic recall, with readout facilities
in each room. Its Space Arboretum, while not very
large, attracts many of the tourists who enjoy this
Earth-like feature in space. And for those who prefer
games of chance, there is the well-equipped Las
Vegas Room.
The hospital complex in the space city is principally
a research hospital, but for the community it operates,
as well, a complete medical and dental center. The
principal research activities relate to diseases of the
inner ear; the fluid mechanics of the blood system
(where the zero-g research room eliminates a principal
variable in our Earth research) ; rapid recuperation
systems after the installation of artificial hearts; and
the use of the space radiation and cryogenic environ-
ment in the treatment of those rare cancer cases
which do not respond to our Earth treatments. The
rehabilitation of victims of long-time arthritis, through
the removal of calcium deposits by the use of the
new wonder drugs, has not progressed well on Earth,
because of the pain when they try to use long atro-
phied muscles, and some work is now underway to
see if such rehabilitation is speeded up in a low-g
environment. Recently the hospital started explora-
tion into the use of weightlessness, the unusual isola-
tion environment and the euphoria often experienced
in space, in the treatment of severe psychoses.
With the exception of the Defense Department
contingent, who are primarily a part of the joint
defense-services peace-keeping space forces and whose
operations are highly classified and cannot be dis-
cussed here, the remainder of the personnel in the
colony are principally those required to service the
station and its users. The 300-man maintenance and
construction force include the highly skilled extra-
vehicular technicians who keep the station structure
in repair, provide for the mating of new structures
to the station as they are delivered from Earth, and
handle all of the new internal construction required
within the city. This group handles all activity ex-
ternal to the space station except transportation to
and from Earth; as such, their activities are also
concerned with the use of the city as a way station
for lunar and planetary spacecraft.
The utilities complex provides, for the entire space
city, the usual space utility needs—power, light, com-
munications,, atmosphere, water;' and thermal control.
The power system, a combination of solar and nuclear
supplies, is relatively standard. A standby battery
supply is maintained, capable of handling the mini-
mum required safety load, life support, and communi-
cations for the entire city for a period of 1 week.
The atmosphere and water systems provide solid waste
disposal as well as the regeneration of both oxygen
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and water. The communications network includes
a direct link to the master communication satellites
for all voice and video circuits.
The services complex has evolved over the past
10 years as a series of small shops handling the
sale of supplies and services for the small city. Shops
selling food, drugs, and clothing and barbel, beau-
tician, and cleaning services have been in existence
the longest, but a few souvenir shops and other spe-
cialty tourist attractions have recently been added.
The space liner transportation center is the hub
of the activity for the basic Earth-to-space station
traffic but the center also handles the lease and sale
of the small electric vehicles used for local traffic
throughout the city. The U.S. Aerospace Industries
Space Liner Agency provides a continual standby of
vehicles capable of returning almost 50% of the city
personnel to Earth in case of any major emergency.
Last, but not least, the city hall complex which in-
cludes the office of the city manager, provides the
business and administrative functions necessary to
the operation of the space center, including the opera-
tion of the police force and the local bastille.
That is the end of the tour. Now you can return
to Earth 1965 and unfasten your seat belts. Now
before we lose the effect of our trip, and to be respon-
sive to the sound and inquisitive mind, let us try
to answer the first question. Why did we want to
go to this space town? In a way, space is like a
mountain top, so let us consider why we go to a
mountain top. At first we make an initial climb to
the top of the mountain because it is a challenge;
Bobby did it. When we reach it, there is nothing left
to do but come back down. This is the stage "which
we have currently attained in space stations and space
programs in general. Then there is a second stage
at which we recognize that a mountain top has
some utility. We then start building structures like
television repeater stations or wide-view observatories
to improve our capability of looking at the heavens
and this, of course, is exactly what is planned in the
second phase of space stations, both peaceful and
military.
But actually the mountain top does not become eco-
nomically useful until someone builds a pathway to
the top, and we then find a resort and hotel located
there. If you look at the attractive mountain tops
of the world you will find that this has happened to
a very large number of them. The special features
of the mountain-top resort are its isolation, its weather,
and its view. Certainly our space station would win
a competition with a mountain top in at least two
of these categories and conceivably its manufactured
weather could be as attractive as the uncertain climate
of the mountain top.
Next, is it economically feasible? Here our rea-
soning becomes more complex because I must bridge
the gap and return to the realities of 1965. We need
an assumption as to the cost of transportation in
space and I would like to use as basis of a first look,
the two-stage Saturn 5 vehicle. Here is a rocket of
the immediate future, capable of placing about a
quarter of a million pounds of payload into earth
orbit at a cost which by the late 1970's should be as
low as $50 000 000, or roughly $200 per pound. Let
us consider first the cost of transporting the space
station to the sky. If we examine some of the current
studies of larger orbiting space stations, (although
still small by our standards) we find generally about
5 tons of structure, equipment, life support, and all
other items per person. If we were to use the same
figure, the 4000-man station would require about
20 000 tons in space and at our $200 per pound, this
would represent an investment of about $8 billion
in transportation costs. Perhaps another $20 billion
would be required to manufacture the station hard-
ware and equipment, so that for the time period
1980-2000 this station would cost an average of about
$12 billion per year, not really an impossible con-
sideration at all.
Next consider the economics of sustaining the per-
sonnel in space—food, beverages, toilet articles, drugs,
clothing and so on. While a few pounds a day will
be sufficient for an astronaut operating with a closed-
loop life-support system, our tourist and our tech-
nician will not live so conservative a life, so I have
assumed a liberal 10 pounds per day per person
would be required. The 4000-man space city then
would require upwards of 7000 tons per year, or
roughly one Saturn V launch every 5 days, at a
total cost of about $3 billion per year. Cost of
transporting the personnel to the station is a bit more
complicated. Because of the need for oxygen during
transfer, limitations to launch accelerations, emer-
gency recovery systems, and other problems related
to human transfer through an unfriendly environment,
it has been assumed from previous studies it will
take 500 pounds of payload to support a 200 -pound
man during the transfer. The resulting costs, 40 per-
cent of which would be involved in handling the
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tourist trade, would then run another $3 billion per
year. In other words, the total cost of establishing,
manning and maintaining this space city would run
about $7 12 billion per year, even at rates predicted
for 1975.
While these gross numbers are much less formidable
than expected, there is one major economic fly in the
ointment. The round trip tourist cost for a 3-week
stay at these prices would run about $200 000 per
person, a number too high by a factor of at least
10-20. And so we must find a way of reducing these
costs by such a factor. It is interesting to note that
if such a reduction is made, the yearly operating cost
of the space city, both government, industrial and
commercial, would run to less than 20 percent of our
current NASA budget.
There is almost a factor of 10 in the reduction of
costs to early orbit as we progress from the Atlas/Cen-
taur boaster to the two-stage Saturn V of 1975. It cer-
tainly does not seem improbable then, that the next
25 years may produce an additional factor of 20, but it
will not come without action on the part of the Gov-
ernment and aerospace community in particular, and
the American public in general. It reassures me to
note that Dr. von Braun, just a few weeks ago at a
meeting in Washington, predicted a reduction in
launch costs by a factor of 10 in the next 30 years.
Here are some of the steps to be taken. First, we
must get our own long-stay-time orbital space station
activities out of their current study phase and into
hardware as quickly as possible. The Soviet Union,
as a part of their activities toward a lunar landing,
may have such space stations in the very near future.
We must accelerate our Earth-orbital programs, be-
cause only from such space testing will we find the
problems involved and the paths to their solutions.
We should vigorously examine all aspects of our
potential future launch technology: nuclear rockets,
recoverable boosters, high-energy fuel systems, and
high-pressure rocket engines, with a view toward ac-
celerating those programs which offer the chance
of making major reductions in the cost of trans-
portation to Earth orbit. For example, the use of
recoverable boosters alone could make an order of
magnitude reduction in the cost of round trip person-
nel transportation.
We should attack the operational aspects of our
launch systems for ways of reducing the base opera-
tions costs of space ferrying. It is interesting to note
that in some current studies, over 50 percent of the
costs estimated are for non-flying items related to
checkout, launch operations, engineering, recondition-
ing costs, and so on. Here is a fruitful field for the
use of advanced technology to reduce the cost of
transportation. We should do the long-range planning
involved in establishing a space city, as well as the
planning for a manned mission to Mars, so that our
planetary program can provide in every way possible
for the natural steps to the longer term use of near
space.
And lastly, but far from least, we must obtain broad
support for such a long-term program, soliciting the
active participation of the U.S. public in our planning
through Congressional support and suitable funding
allocations; and, through meetings like this one, we
must establish a program which will initiate the con-
cept and desirability of the personal use of space
by the U.S. citizen.
CREATIVITY, EDUCATION, AND
SPACE EXPLORATION
C. S. Draper
Chairman, Department of
Astronautics and Aeronautics
MASSACHUSETTS INSTITUTE OF TECHNOLOGY
INTRODUCTION
Creativity is the complex of many human qualities
that combine to bring new things or conditions into
existence. This across-the-board definition is by usage
particularly associated with contributions that confer
significant benefits on society. Thus, the telephone,
the electric light, and the jet engine are all products
of creativity.
In these terms, creativity has many phases that are
more or less loosely coupled into a loop which may be
considered as starting with flash-o f-genitts concepts
that in the normal course of events are judged at a
later time against feedback information on results
achieved in the real world of society. These judg-
ments, interpreted in the light of wisdom and imagina-
tion, stimulate new inputs from creativity which in
turn move through the loop of progress to provide
ever improving benefits for the public.
These benefits do not appear directly from novel
ideas, but are realized only when a sequence of links
in a fairly well-defined chain of events have provided
essential functions, each of which involves some de-
gree of creativity. Elements of the chain that follow
initial conception are invention, patenting, entrepre-
neurship, innovation, realized public benefits and
feedback from the effects of these benefits. In the
past, preoccupation with flashes of genius and inven-
tions has been so great that creativity has almost com-
pletely identified with new devices, chemicals, and
processes. Events in the world of practice prove that
this viewpoint is fallacious. Without patent protec-
tion, salesmanship to return some significant reward
to inventors, entrepreneurship for promotion of indus-
trial and business activities that lead to public benefits
from innovations, the overall chain itself will be
ineffective, a condition that is likely to be shared by
individual links.
Creativity is essential for success in any and all
links of the chain and depends upon a pattern of
human abilities that contain a mixture of the same
essential elements. First, and most important, is
strong self-reliance, mental habits of striving always
toward true understanding of natural and humanly
generated circumstances on the basis of careful and
intelligent observations, interpreted in terms of imag-
ination and an attitude that takes all available science,
technology, and industrial practice iaW account, while
always approaching frontier problems of technology
from the standpoint of ingenuity and fundamental
principles. This habit of thinking for himself with-
out expectation or hope of outside help is a basic
characteristic of any truly creative individual.
CREATIVITY AS AN ESSENTIAL
NATIONAL RESOURCE
In a.world that is today divided into groups of
deadly serious and progressive rivals, the balance
of a nation's science and technology in comparison
with the states of corresponding capabilities for its
competitors is a matter of the greatest possible con-
cern. Falling even slightly behind in this race will
surely cause a deterioration in the prestige and the
influence of a country, while an unbalanced break-
through by one nation may well spell disaster for
its potential enemies.
All significant advances in science and technology
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depend upon the leadership of creative scientists
and engineers. These advances are essential for the
wellbeing and, perhaps, the long-range survival of
any country seeking to build an image of leadership.
It follows that the identification and effective develop-
ment of creative individuals are matters of first order
urgency for the governments involved.
Under the modern conditions of universally avail-
able scientific knowledge and widely spread tech-
nology, it is not to be expected that secrecy can protect
any existing advantageous position for very long, or
that piracy from some other nation's pools of quali-
fied manpower can provide much creative help for
lagging capabilities. This means that each progressive
country must depend upon its own resources of po-
tentially creative citizens.
In times past, native ability with not much assist-
ance from formal education has produced many
innovations leading to great benefits for the public.
Today, circumstances are very different. A great
variety of simple and basic inventions is in common
use, while highest level creativity is, largely concerned
with complex devices and carefully organized systems
to accomplish sophisticated results. Pioneering prob-
lems are no longer concerned with pipe wrenches and
incandescent electric lights; rather they deal with such
things as automatic controls and satellite communica-
tion systems. To qualify people for making contribu-
tions of this kind, academic education must be pro-
vided to build up mathematics and the humanities as
background knowledge in the fundamentals of science,
for all students who show any spark of creative ability.
It is surely very important for society to devote what-
ever attention is necessary to detect and fan such
sparks.
EDUCATION AND CREATIVITY
Creativity in the modern world requires back-
ground knowledge great enough to give real under-
standing of situations in terms of natural laws.
Adequate depth of this understanding and effective
reactions distinguish creative individuals who have
ability and desire to adventure into the frontier regions
of human activity. However, knowledge and under-
standing alone are not enough to generate inventions
and innovations. The mental attitude of going beyond
ordinary approaches to seek unprecedented solutions
for across-the-board new problems, and the habit of
self-reliance in the face of disbelief and criticism, are
essential qualities in persons who are able to distin-
guish themselves in creative roles.
Conventional academic education provides excellent
backgrounds of fundamental knowledge, but often
tends to suppress rather than to nurture creativity. This
undesirable effect stems from unrelieved stress on
learning in terms of formal information with its
overwhelming preoccupation with grades and class
standings during the last years of high school and the
lower classes of college. The damage comes not from
too much learning of facts and methods, but from
too few opportunities that not only permit, but
stimulate students to exercise initiative and self-reli-
ance in analysing practical situations and applying
imagination in working out solutions from problems
that have no unique "correct" solutions. It is not
to be expected that high school or college students
will produce many significant contributions, but if
they have any worthwhile potential for creativity
they will react well when given an introduction to
real world environment and opportunities to deal
with its problems. It is important that students work
alone as far as possible beyond the shadows of teachers
asking for exactly gradable answers to synthetic prob-
lems. It is this contact with nonacademic attitudes,
situations, and methods that is important, rather than
an avoidance of conventional problems which are,
after all, very well designed to impart knowledge of
natural laws and scientific methods by unambiguous
and simple illustrations.
Some students will be annoyed, frustrated, and
generally unhappy about dealing with situations in-
volving various problems, all having not one, but
an assortment of more or less unsatisfactory different
answers. If this frustration and unhappiness persists
after a few experiences and real discouragement ap-
pears, the students involved are evidently not strongly
gifted for creativity and should be allowed to seek
distinction in other fields. On the other hand, students
who are potentially creative realize, for example, that
many automobile types exist because there are differ-
ent ways of making good cars and feel satisfaction in
applying first principles for finding their own means
for meeting challenging situations.
This potential for creativity can be nurtured by con-
tinually providing selected students with chances to
exercise and develop their capacities for dealing with
typical pioneering problems of the practical world.
Science fairs and prize competitions provide excellent
Opportunities of this kind, but these incidental ac-
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tivities need to be backed up by courses in which
comprehensive projects, strongly involving personal
initiative and stressing practical results are carried
out by students working alone, or in small groups.
Activities of this kind need not occupy a major part
of student effort, but should occupy enough time to
get across the idea that successful practice requires
more than the acquirement of much knowledge and
requires some facility in the use of well-established
methods. In other words, the mental attitude, ac-
quired by many students during their academic years,
that they have been taught answers for which they
are to search out suitable problems during their
careers of practice, must be modified toward more
flexibility if they are to progress creatively in science
and technology.
Academic education, even with effective attention
to creativity, needs to be supplemented by a few
years of experience in a properly stimulating environ-
ment if graduates are to achieve their full potential
for contributing to society. The medical profession
has long recognized the necessity for medical school
graduates to serve a period of internship in a working
hospital before they are allowed to practice. In a
similar way, graduates "read" law in the offices of
some legal firm before they are ready to start careers
of their own.
The same principles apply to scientists and engi-
neers with real potential for leadership in their pro-
fessions. Service in an organization which deals
effectively with research and development on pioneer-
ing systems of technology is especially helpful in pro-
viding experience of this kind. Benefits approach
the optimum when the working atmosphere is that of
creativity obviously producing significant results. By
including in the overall activity a good cross section
of the typical difficulties that must be met and over-
come during the progress of any advance in tech-
nology, developing individuals are given additional
preparation for dealing with "the world of practice."
Experience of these kinds provide excellent "cou-
pling" education between the completion of academic
requirements and careers of distinction in creative
service to society.
SPACE EXPLORATION
AND EDUCATION
Education of the sort described places severe strains
on the dedication and perseverance of even the most
talented students, with particular trials for those of
high natural creativity who tend to become impatient
with formal learning and yearn to get on with the
business of making their own independent contribu-
tions. A central theme, strong in universal challenge,
is needed to stimulate both gifted and ordinary stu-
dents to exert the sustained effort that must be
invested to learn in a half dozen years a good share of
the basic knowledge that mankind has accumulated
during many centuries. For example, at the end of
medieval times, art, literature and commerce provided
motivation for the expanded learning of the Renais-
sance. Three centuries ago, science itself inspired a
revolutionary attitude toward education that, once
started, has conferred many benefits on mankind
including a host of creative individuals.
Space exploration is today continuing the trend
initiated by science many years ago, first firing young
imaginations with the ambition and perseverance
needed to carry students through basic schooling, and
then providing challenges great enough to bring out
the highest abilities of these students as they become
graduates in science and engineering.
The whole fabric of education is affected by space
exploration which draws together substantially all the
elements of science and technology under conditions
that require more sophisticated observations, more
difficult than anything previously attempted by human
beings. With vehicles that must be self-supporting
for considerable periods of time to be designed for
the special conditions of space, all available resources
of science and technology must be applied at the
ultimate levels of refinement. When manned flights
are considered, the interactions of men and machines
leading to optimum performance for complete systems
must be worked out with great care in patterns that
have never existed before.
For example, three men living for some weeks in
very confining quarters with no chance of getting
off between the start and completion of a mission,
represent in a very intensified way the problems of the
human race living within the closed system that we
call Earth. Reliability and operating times before
failure of equipment must be treated with levels of
respect that they have never commanded in past times.
In addition to the new technology of space traveling
vehicles, the vast new stores of knowledge becoming
available from observations made from stations no
longer restricted to the Earth's surface, offer challenges
to science that will surely increase rather than decrease
during many of the years ahead. Faculty members
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as well as students are inspired by this prospect not
only to modify long-standing courses, but to develop
subjects covering important areas that have received
little or no attention before. This activity is, of course,
greatly stimulated by support from government or-
ganizations with wise policies toward education.
The overall effect of space exploration is thus to
advance education generally, to stimulate the develop-
ment of new areas of learning, and to provide strong
motivations for students to follow academic careers
through to completion. More especially, the chal-
lenges of space exploration and the opportunities
associated with its accomplishment are very effective
for the development of creativity in talented indi-
viduals.
Effects from this creativity in terms of innovations
and benefits for society go far beyond the space pro-
gram itself. It may well be the verdict of future
history that the general stimulation of education and
creativity has been a greater return from funds and
work invested than any direct results from space
activities. In any case, prospects are exciting and the
effort involved will contribute largely to the general
progress of our country and its image as a leader
among the countries of the Earth.
THE SOCIAL CONSEQUENCES OF THE SPACE AGE
Harold D. Lasswell
Edward ]. Phelps Professor of
Law and Political Sciences
YALE UNIVERSITY
A comprehensive anticipation of the social con-
sequences of the Space Age would explore every sector
of society. As a convenient check list of the social
process I employ eight categories: government, law
and politics; basic knowledge and current informa-
tion; economic production, distribution, consumption,
investment; health, safety, and comfort; education
and the professions and occupations; social class and
personal prestige; ethics and religion.
More formally, the social process is a value-shaping
and sharing process in which the institutions relatively
specialized to each value outcome are open to change.
The values: power, enlightenment, wealth, well-being,
skill, affection, respect, rectitude. Knowledge of space
is a form of enlightenment whose consequences for
the whole social context concern us here. Anthropol-
ogy and general sociological theory cover all social
processes; social psychology explores the changing
individual in relation to his personal and physical
environment. Various bodies of specialists deal with
the several value-institution processes. I shall empha-
size the governmental, legal, and political implica-
tions and give some attention to other sectors.
GOVERNMENT, LAW
AND POLITICS
A question of overwhelming importance for
inquiry, as well as for every man, is whether the
next few years will bring steps toward peace and
security, or whether the precarious balance of power
now prevailing in global politics will be maintained,
or become yet more precarious. As usual, the growth
of knowledge regarding space Hight is the result of
the dedication of particular scientists to the cultiva-
tion of enlightenment and skill. However, the encour-
agement and application of space technology has been
guided mainly by considerations of political power,
hence subordinated to the prevailing structure of
world politics.
From the analytic standpoint the fundamental fact
of the global arena is the expectation of violence,
which is the expectation that, whether one likes it or
not, organized violence will probably continue to be
employed by the nation states as an instrument of
policy. The United Nations is not, as yet, perceived
to be an inclusive institution that affirms and applies
at least minimum public order. The UN was devised
with a built-in veto as a means of preventing it
from arriving at decisions enforceable against the So-
viet Union, the United States, or other powers with a
seat on the Council. The UN registered in its funda-
mental structure the determination of the major politi-
cal elites of the globe not to be authoritatively coerced
by a majority vote.
In a divided globe the significance of space science
and technology has necessarily been perceived by
responsible people in terms of war potential. The
effective leadership of the United States and the Soviet
Union grasped the strategic implications of the control
of outer space, and plunged into a race in which all
strands of modern development are interwoven, and
in which "peaceful uses" are characteristically empha-
sized as a means of obtaining more effective arms
development (ref. 1) .
The implication of this analysis is not that the
power elites of the Earth recognize no authoritative
and controlling limitations whatever on their freedom
of action. They do, in fact, perceive mutual advan-
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tages in clarifying and adhering to many prescriptions
of international law. Apparently it is evident to
both super powers that neither power is able to block
the other completely and finally in space. Hence, the
space powers have begun to crystallize orderly expecta-
tions of common interest in the penetration of the
larger environment. They are in process of stabilizing
a legal order in outer space that takes account of the
most useful parallel in past experience, namely, the
law of the oceans.
Since Grottos the oceans have been recognized in
international law to constitute a vast resource open
to all, and beyond the exclusive domain of any state.
The dimensions of outer space vastly transcend the
oceans, and in the words of one important com-
mentator, C. Wilfred Jenks (ref. 2) :
The principle of the freedom of space, which, until
October 4, 1957, could be put forward only as a principle
derived from the basic astronomical facts, already rests on
a solid basis of established practice supported by world-wide
acquiescence.
The requirements of outer space have gradually
been overcoming or modifying traditional practices
in regard to air space. It has been recognized that
the utmost freedom in the use of airspace for purposes
of international air transport cannot be accepted as
permissible in the presently divided world arena. But
air space and outer space are a physical continuum,
and the effective utilization of the latter calls for a
complementary use of the former. The problems
involved are being clarified by examining the various
objectives that may be served by recognizing occarional
exclusive competence of nation states in outer space.
The accumulated experience gained in regard to the
oceans has been suggestive. Beginning in the
eighteenth century, for example, Britain initiated the
practice of extending limited coastal authority over
the adjacent seas in order to protect fiscal integrity
by the enforcement of fiscal laws, customs regulations
and antismuggling measures. Any value category, in
addition to power and wealth, may be at stake (for
example, well-being, as in the case of health mea-
sures) . A variety of "limits" have been proposed and
accepted for general or particular purposes, a result
that is presently in active discussion in regard to work-
able "boundaries" between air space and outer space
(ref. 3) .
1 have been referring to emerging trends in public
order in reference to claims that relate to access and
competence in the domain of space. Other problems
are also under active consideration, such as those in
regard to the maintenance of at least minimum order
(peace and security) ; the nationality of spacecraft
and the promotion of optimum order in space; juris-
diction over space activities and spacecraft; the
enjoyment and acquisition of resources ("Who owns
the moon?") ; the establishment of enterprisory activi-
ties ("communication satellite corporations"). On
all these matters, expectations about prescriptive norms
are in various degrees of explicitness. A point of pri-
mary significance is that nation states are admitted to
have a voice in crystallizing the law of outer space
even though at the moment they possess no capability
for the manufacture of spacecraft. (Similarly we do
not exclude a landlocked power like Switzerland from
a voice in the law of the oceans) .
None of the developments in space technology that
are now visible indicate that any power is likely to
obtain a decisive advantage over the other. Hence
the steps that have been taken to establish unified
expectations in regard to law in space have not been
redundant.
It is not to be assumed that even if weapon control
agreements fail, all is lost if bomb-bearing satellites,
in addition to surveillance and communication satel-
lites, are put into orbit. No one can reasonably con-
tend that his sense of security is increased if the
bomber satellites of the rival coalition are flying over-
head. But if one's own delivery systems are func-
tioning the "balance of terror" is likely to subside as
a source of acute anxiety into "business as usual."
The world community has amply demonstrated its
capacity to adjust to formidably dangerous conditions
of mutual deterrence.
We may add that the political balance will not
necessarily collapse if raids and clashes occasionally
occur in outer space. In this connection we note the
suggestion that world conflict may be held in check,
if not reduced, by a division of responsibility for
penetrating different space sectors or zones, including
the use of large artificial satellites. The historical
parallel is to the supposed alleviation of conflict in
Europe when energies and ambitions were turned
outward, and colonial empires took shape. Given the
geometry of Earth, the participants in the power
process must eventually surround one another, or be
surrounded. Will the geometry of outer space be
taken advantage of to defer any final confrontation
indefinitely?
Of more immediate importance is the question
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whether the utilization of resources in the space effort
will presently be viewed as politically disadvantageous.
Hence initiatives may be welcome to enlarge the scope
of cooperative activities, and to cut back absolute or
relative expeditures, employing the liberated funds
for other weapons or for raising levels of consump-
tion.
Quite apart from the difficulty of unscrambling
space expenditures from other security measures, the
result will hinge on the weight that is given— espe-
cially by the Soviet elite to the total political gain
resulting from "firsts" in space. Excellence in nuclear
and space science and technology has contributed
enormously to the prestige of the Soviet Union and
to every group or doctrine that can be thought to be
distinctive of the Soviet World. The Soviet Union
has benefitted to a notable degree from its prowess.
It was within the range of established expectation for
the United States to take the initial lead in mastering
atomic energy. It was astounding and heartening
to the less industrialized peoples to see what could
be done to overtake—and in some ways to surpass=
the United States. The result was to cast in the shadow
all the doctrines and groups that are distinctively
associated with the U.S.A. Chairman Khrushchev's
exuberant comment has not ceased to reverberate
(ref. 4) :
The launching of artificial earth satellites is a kind of
culmination of the competition between socialist and capi-
talist countries. And socialism has won it.
A question is whether the see-saw that is likely
when the United States has come closer to Soviet
technology will yield such benefits to Soviet policy.
Presumably Communist China will eventually develop
space capability. In the meanwhile will other expendi-
tures be judged to offer higher political advantages?
The pressure against the space budget in our own
country comes from many sources. Up to the present
the pro-space coalitions formed by political leaders,
generals, civilian officials, scientists, engineers, and
manufacturers have been able to carry the day against
rival interest combinations. In the scientific com-
munity there is some reluctance to work in programs
that seem unilaterally committed to one side in the
power struggle. Many men of science long to serve
mankind directly; and this perspective is widely shared
among liberal Americans.
In fact, the relative freedom of communication
that is a guaranteed part of our system of public order
makes it possible for the multivalued orientation of
American society to find public expression. In totali-
tarian systems, on the other hand, the censorship
maintained by the ruling elite seeks to subordinate all
communications to what are perceived as politically
useful message content. A strict censorship has been
applied, for example, to news or comment on the
military significance of Soviet space activities, all of
which have been linked in the Communist controlled
media to the rhetoric of peaceful use. Since com-
parative openness is part of our institutional system,
many American activities in space are justified to the
Congress and to the electorate as means of national
security, which seems to suggest a military orientation
that is absent from the Soviet approach, and which
is readily distorted by propagandists hostile to this
country. High-minded scientists and students, among
others, are frequently put in the awkward position of
supporting proposals for international action that
entail criticism of American policy; yet, when the
issue is joined, these proposals founder on the rock-
like determination of Soviet leaders to maintain the
structure of limited authority and control established
at San Francisco.
Undoubtedly the demand to create a world federal
system on the model of the American constitutional
plan is a continuing theme of liberal politics. In all
probability this demand will continue to be frustrated
by the policies of foreign elites who refuse to sub-
ordinate themselves to a non-Communist majority,
and also by the political groups in the United States
who refuse to occupy a corresponding position of
subordination to a Communist majority. Hence it is to
be anticipated that, for the visible future, the world
of space will continue to show the bi- or tri-polar
characteristics of a divided world. Our fundamental
separatisms will be disseminated into man's enlarging
habitat.
CONSEQUENCES OTHER THAN
POWER VALUES AND
INSTITUTIONS
Even a cursory glance at the probable future of
social sectors other than power is highly suggestive
of future developments and of appropriate problems
of investigation. Consider, for example, enlighten-
ment, the social processes studied by sociologists of
knowledge and all who concern themselves with the
communication media.
It is remarkable how little attention has been given
by universities to the task of assessing the social
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consequences and potentialities of the coming conquest
of space. No great institutes have devoted themselves
to a many-sided study of the legal, political, intel-
lectual, economic, and other impacts, actual and poten-
tial, of the new era. It is not enough to say that as
high priests of the intellectual life, universities are
inherently conservative. Conservatism is not strong
enough to block intellectual and organizational fresh-
ness of approach in dealing with many other topics.
The most probable explanation seems to be that
historians and social scientists are not accustomed to
think contextually of the future, and therefore to select
problems of inquiry in the light of their estimate of
probable future developments. They have been trained
to think of "hard facts" in general rather than to think
of an intellectual strategy of choosing which category
of hard facts to pursue.
When we consider the future of enlightenment it
seems safe to predict that the present lack of interest
in the social consequences of the Space Age will soon
be abandoned. I foresee an explosive upsurge of
concern with the opportunities for obtaining knowl-
edge of man and society, as well as of nature. Already
I observe indications of a changing approach among
universities. The imperious tempo of change has
made it necessary to take the future into account,
not simply for public policy, but for research policy.
As man moves into space he reaches toward a variety
of environments that will require cultural as well
as biological adaptation. If a major objective is to
maintain a sense of identity among men (and a
comprehensive common civilization), continuing
attention must be given to the growth of distinctive
identities, expectations and demands, and of distinc-
tive institutions.
It will soon be tempting to suggest and promote
prototypes and pilot projects to initiate and study
space communities (at first, stations) of somewhat
distinctive social composition and. of contrasting
political, economic, familial, and other institutions.
As a means of diminishing the conflicts that have
arisen from the segregation of the races of man on
Earth by continent and region, it may be important
to screen future communities for the purpose of ensur-
ing biological diversity in all settlements.
It is plausible to predict that institutions will be
developed to conduct continuing surveys of the social
consequences Of space, and to share the flow of infor-
mation throughout the world community at every
level—official, unofficial; scientific, lay. An inclusive,
selective and reliable survey may be planned to make
use of techniques of varying depth designed to
describe changes in both perspective and overt
behavior.
The continuing survey would be planned to throw
light on the relative importance of factor-combinations
whose significance is apparent to specialists on the
culture of various areas, or whose influence has been
demonstrated in small scale, highly controlled experi-
ments. The techniques adopted would take into
consideration the problem of discovering present
predispositions to respond to relatively extreme en-
vironmental contingencies.
It is conceivable that continuing survey arrange-
ments will be made by voluntary cooperation among
governmental, university and specialized agencies of
research. In this way the social consequences of all
value-institution sectors (power, enlightenment,
wealth, well-being, skill, affection, respect, rectitude)
can be covered for all nations. However, it may be
convenient to plan one or more commissions on the
social consequences of space to take the initiative in
encouraging voluntary cooperation, and in providing
for gaps to be filled.
Partly for lack of time I leave economic conse-
quences to one side. As yet there have been few
economic advantages obtained from new resources
in outer space. The partial exception is in com-
munication, as exemplified in the satellite. However,
it would be a mistake to suppose that the shaping
and sharing of wealth for space purposes has gone
forward free of impact on the current Earth economy.
Estimates can be made of the volume of current outlay
and investment in the space programs of the U.S.S.R.
and the U.S.A. The direct effects are not restricted
to either economy, since all countries are implicated
as suppliers of raw materials, as processors, or as
manufacturers. In estimating the significance of
these involvements it is necessary to take into con-
sideration the alternative uses of the resources de-
voted to space programs. What economic activities
suffered? Speaking of the aggregate, what can be
said about the "opportunity cost" of space—the
potential gains that were given up in order to push
onward and outward?
We can do little more than take note of such ques-
tions. Similarly, it is not presently possible to present
much solid information about the impact of space
programs on the health, safety, and comfort of man-
kind, social biology, or medicine. In some ways the
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most interesting issue in this connection is the future
of mental health. Examining the matter in the most
general terms, one may reason as follows: Changes in
traditional boundaries arouse uncertainty; uncertain-
ties generate anxiety among individuals who suffer
from resented discrepancies between aspirations and
realizations; anxieties find partial expression in with-
drawal from participation, in autism, and in somatic
disturbance; anxieties also find partial expression in
active and often destructive participation in the life
of the society; news of activity in outer space modifies
the traditional boundaries of society, generates uncer-
tainty and anxiety, and contributes to forms of illness
that are commonly called neurotic, psychosomatic,
psychotic, or characterological ("acting out").
At present we cannot assess the impact of directing
more attention to outer space. Some observers hold
that the era of space conquest is therapeutic and pre-
ventive, since it provides an opportunity for the trans-
fer of concern with the primary circle to preoccupa-
tion with great achievement, and to the formation of
self-images in which the primary ego becomes identi-
fied with space heroes and heroics.
I shall not attempt an inventory of the professional
and occupational skills that will be brought into exist-
ence during the Space Age; or enumerate the educa-
tional establishments required to train and re-train
talent. The detail involved is truly vast.
Let us give further attention to the future of
human identity, and to sentiments of self. When we
deal directly with affection (intimacy and loyalty),
a searching question is whether the children and
young people of the globe are acquiring more uni-
versal and less parochial loyalties than in the past. A
frequent phenomenon is that when young people
who have spent years in fantasied space travel and
adventure discover the backward state of contemporary
technology, they are deeply disappointed. Evidently
they are thrown back on more limited enterprises.
But disappointment with the present level of achieve-
ment does not necessarily imply that national, ethnic,
or racial perspectives are relegated to a secondary
position.
A consequence of world division is that children
and young people are inducted into the role of
potential combatants on behalf of parochial rather
than of universal entities. Hence the imaginative
young adventurer in space is encouraged to think of
himself as an "American" or a "Soviet Russian" when
he lands on Mars. Are the young people of the
smaller powers more universal in outlook?
When we examine the impact of the Space Age on
respect relations in society, several conclusions at once
emerge. A new set of heroic figures has risen to
inflame the imagination of the world. The astronauts
are spectacular vindications of the primacy of man.
Not only has the wit of man devised the technology
but he is essential as a versatile guide when emergency
problems are encountered. The omnipotency dreams
of early life are stirred once more as man soars like
Icarus yet returns unscathed.
Not only specialists but men, women, and children
of many positions in society are fired with ambition
to be the "first" in space travel and settlement. The
demand to overcome a growing sense of insignificance,
to act responsibly, and to express a supreme loyalty
to man's potential—all are intensely important.
Sooner or later the Space Age will probably raise
profound questions about the boundaries of the con-
cept of "man." In the most dramatic form the identity
question and the problem of self-respect would arise
if we ultimately encounter beings of unmistakable
intelligence whose scientific and technological culture
excels our own, and whose biological plan is very
different from ours. The human species is sometimes
described as an ex-quadruped with a backache from
standing straight; other advanced forms may be built
on a different plan. If we are culturally inferior it
would obviously be to our interest to bring into
existence if possible a public order that accorded us
all the equality that our capacities make possible.
The same policy would be appropriate to societies of
equal culture. Hence it would be tempting to enlarge
the interpretation of "human dignity" to include all
advanced forms of life. On the other hand, if the
new society possesses inferior culture and biological
capacity, the temptation would be great to interpret
"man" narrowly to our own advantage.
The identity challenge may emerge as a by-product
of the sophisticated technological requirements of
the Space Age long before there is contact with sen-
tient forms. I refer to the use of computers. It is pos-
sible to imagine computers that are programmed for
outcomes and strategies of such complexity that their
processes are substantially equivalent to our own.
Anticipation of novel problems of identity and
respect must not distract us from recognizing that
the issues connected with human dignity, in traditional
terms, are far from settled among us. It is true that
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the political elites of the globe are almost unanimous
in proclaiming their verbal adherence to the concep-
tion of man's dignity (formalized to some extent in
declarations of human rights) . But it is an open
secret that the institutional practices of many nations—
totalitarian or not—often fail to harmonize with these
affirmations.
Trends thus far cast doubt on one of the most
far-reaching hypotheses that has often been suggested
regarding the effect of the Space Age. The suggestion
is that the new era is a fatal blow to all traditional
conceptions of religion and ethics (rectitude) and
therefore a solvent of social order. Space news popu-
larizes the dimensions of the universe and the techno-
scientific interpretations of the world. However, we
note that the Vatican has expressly welcomed the
advent of the Space Age. It appears that some tradi-
tional religions—Buddhism, for instance—find
nothing surprising in recent innovations.
IN LONGER PERSPECTIVE
The opportunities and perils of man's expanding
habitat may conceivably provide the incentives re-
quired to consolidate a legal, governmental and politi-
cal order that embraces all mankind. The potential
significance of the Space Age for human enlighten-
ment is evident. Whether we refer to the map of na-
ture or of man himself it is clear that a more compre-
hensive and realistic image is growing day by day. The
long run implications for wealth are formidable. New
resources can be brought within the domain of man;
and if wisely used can afford abundant opportunity
to great numbers of human beings. The health,
comfort, and safety of man are already affected by
the age of space; we are probing more deeply than
ever to learn the limits of human tolerance and to
supplement our limitations.
The impact of the new era of skill is also formida-
ble. The new technology brings into existence new
occupations and professions; and the refinements that
arise in a new and vast division of labor will surely
provide innumerable opportunities for latent talent to
achieve expression in socially acceptable ways. In
terms of love and loyalty the age of space provides
an urgent opportunity to transcend parochial identities
and to place lesser identities in relation to the inclu-
sive whole. The new age is characterized by unprece-
dented mobility in space; and this carries with it re-
markable opportunities to achieve mobility in society,
ultimately obtaining the benefits of "the frontier" on
a truly astronomic scale. In regard to standards of
conduct and justifications of life, the Space Age
emphasizes responsibility. It subjects every recom-
mended norm to the discipline of exposure to the
whole context affecting man and all advanced forms
of life.
If we are to keep the perspective most appropriate
to the intellectual tasks of the Space Age, it is perhaps
worth repeating that (ref. 3)
No emphasis upon the importance of research, teaching,
and advice can . . . detract from the obvious fact that the
burden and opportunity of decisive commitment rests ulti-
mately not with scientists and scholars, but with the states-
men of the world community . . .
The statesmen of the contemporary earth-space community
can have an unprecedented impact upon history. They can
take the risks involved in peaceful transition to an inclusive
system of minimum public order, and thus smooth the way
to an optimum order of undreamed of abundance and benevo-
lence. In default, they fail to take the risks required: by
their timidities and their mistakes they can end history—as
man records it.
The critical question is whether as man moves out-
ward he achieves maturity within.
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